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Abstract

Results are presented which define unsteady flow conditions associated
with the high-dynamic structural response of a high-aspect-ratio, elastic,
supercritical wing at transonic speeds. The wing was tested in the Langley
Transonic Dynamics Tunnel with a heavy gas test medium. The supercritical
wing, designed for a cruise lift coefficient of 0.53 at a Mach number
M = 0.80, experienced the high-dynamic structural response from M = 0.90
to 0.94 with the mazimum response occurring at M =~ 0.92. At the mazimum
response condition of the wing, the forcing function appears to be the
oscillatory chordwise movement of strong shocks located on the upper and
lower surfaces of the wing in conjunction with flow separation on the lower
surface of the wing in the trailing-edge cove region.

Introduction

The elastic, supercritical wing discussed in this
report was the full-scale right semispan of the second
aeroelastic research wing (ARW-2) from the Drones
for Aerodynamic and Structural Testing (DAST)
program (ref. 1). This rescarch wing was designed to
be flight tested to investigate the use of active con-
trol systems for maneuver load alleviation, gust load
alleviation, and flutter suppression. The structural
design of the wing was based on an iterative proce-
dure, which took into account the load and the stiff-
ness reduction benefits provided by the active con-
trol systems. This integrated design process resulted
in a wing with increased flexibility. A delay in the
planned flight-test program provided an opportunity
to use the instrumented right semispan of the wing
as a flexible model for tests in the Langley Transonic
Dynamics Tunnel (TDT). The purpose of the test,
which was performed in a heavy gas (R-12), was to
verify systems opceration, to measure surface-pressure
variations on the wing because of forced oscillations
of the outboard aileron control surface, and to verify
that no unexpected behavior would occur within the
planned flight envelope. This test is part of a series
of tests to measure unsteady transonic acrodynamic
flow characteristics on various wing planforms and
airfoil shapes (ref. 2). The test reported herein is
the first in the series with a flexible wing as the test
article.

In preparation for flight tests of this flexible
wing, there were wind tunnel tests of a structurally
stiff 0.237-scale model of the flight wing and drone
fusclage (refs. 3 and 4). These scale-model tests
showed that the drag-divergence Mach number M for
this supercritical wing configuration occurs from
M = 0.81 to M = 0.83. Drag divergence is an indi-
cator that strong shock waves are beginning to form

on the airfoil. The flight envelope for the vehicle was
placarded at M = 0.86 because of unstable pitching-
moment characteristics measured on the scale model
at M > 0.86.

During the first wind tunnel test of this elastic
wing (ref. 5), a region of high-dynamic structural
respomnse characterized by wing first-bending motion
was unexpectedly encountered near M = 0.90. Con-
sequently, further tests for measurement of steady
surface-pressure, static wing deflections (refs. 6
and 7), and unstecady surface pressure associated
with control surface oscillation (ref. 8) were limited
to M = 0.88 or less to prevent possible damage to
the wing, which was still considered to be a flight
article. Although a change in flow characteristics at
Mach numbers greater than drag divergence was ex-
pected, the large-amplitude response motion of the
wing was not anticipated. Prior to the first wind
tunnel test of the flexible wing, flutter predictions by
linear analysis methods indicated that flutter would
occur at dynamic pressures greater than 600 psf,
whereas tests were limited to dynamic pressures less
than 400 psf. Because lincar analysis methods were
used, the flutter predictions did not extend into the
transonic speed range.

After the first wind tunnel test was completed,
the planned flight-test program was canceled. As
a result, a sccond wind tunnel test was performed
to explore the region of large-amplitude response of
the wing and to define the unsteady flow conditions
forcing this response (refs. 9 and 10). The second test
showed that the response of the wing occurred in a
narrow Mach number region centered near M = 0.92
and that the response increased in magnitude as the
test dynamic pressure g was increased.

The purpose of this paper is to present measure-
ments of motions of the wing and surface pressures
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" for selected test conditions from the second wind

tunnel test. Wingtip accelerometer and wing-root
strain gage bridge time-history measurement data
are presented with corresponding standard deviation
calculations to show the region and the magnitude
of the structural response of the wing. Detailed
wing surface-pressure coefficient time-history plots
are presented to show frequency, magnitude, non-
sinusoidal character, and spanwise variation of the
flow over the surface of the wing. More conventional
chordwise pressure distributions as a function of test
dynamic pressure ¢ and test angle of attack « are also
presented. An extensive frequency domain analysis
effort was performed to further define the characteris-
tics of the surface-pressurc measurements of the wing
and to relate them to the measured response of the
wing. Because the results of this effort were incon-
clusive, wing surface-pressure power spectral density
(PSD) results have not been included in this report.
Although the oscillation of the wing is shown to be
associated with the development of separated flow,
the oscillation mechanism has not been explained.
However, the oscillating flow characteristics are de-
scribed in detail to provide a database for further
evaluation.

This report presents results from only a portion
of the completed tests. The results presented are in-
tended to define the unstcady flow conditions that
existed over the range of Mach numbers where high-
dynamic structural response of the wing was ob-
served. Additional test activities not reported herein
attempted to reduce the dynamic response of the
wing. In one test, the outboard control surface was
deflected to either 6° or —6° (ref. 9). In a sccond test,
a spanwise fence was installed on the lower surface
of the wing (ref. 9). References 11 and 12 report the
usc of the outboard control surface with a feedback
control system in an attempt to actively control the
motion of the wing.

Symbols and Abbreviations

ARW-2 aeroelastic research wing

Cp pressure coefficient

C; critical pressure coeflicient,
two-dimensional value

Cprms pressure cocfficient variance or standard
deviation value

c local chord

o section lift coefficient

DAST Drones for Aerodynamic and Structural
Testing program

ESP electronically scanned pressure

g acceleration due to gravity, 32.2 ft/sec2

M, My  free-stream Mach number

PSD power spectral density
q free-stream dynamic pressure, psf
Re Reynolds number based on mean

acrodynamic chord length of 1.96 ft

rms root mean square

DT Langley Transonic Dynamics Tunnel
t/c airfoil thickness ratio

X streamwise distance from wing lcading

edge at centerline of fuselage, in.

z/c streamwise fraction of local chord

Y spanwise distance from centerline of
fuselage, in.

z/c vertical fraction of local chord

@ angle of attack, deg

7 fraction of semispan

2-D two dimensional

3-D three dimensional

The following symbols are used in the computer-
generated tables and figures:

CP pressure coeflicient

ETA fraction of semispan

G acceleration due to gravity, 32.2 ft/sec?
MAX maximum valuc of measurements
MEAN average value of measurements

MIN minimum value of measurements

MV millivolts

RANGE maximum value to minimum value
SGB output of strain gage bridge, mV

SIGMA  standard deviation, positive square root
of variance, root-mean-square (rms)

quantity

X streamwisc distance from wing leading
edge at centerline of fuselage, in.

X/C fraction of local chord

Y spanwise distance from centerline of

fuselage, in.



Test Item and Procedures

Research Wing

The right semispan of the full-scale wing and a
half-body fuselage were used as the test model. They
are shown mounted on the TDT test section sidewall
in figure 1. Wing planform and dimensional data
are presented in figure 2. Excluding the inboard
trailing-edge extension, the model had a full span
aspect ratio of 10.3 and a taper ratio of 0.40. The
supercritical wing model had a semispan length of
9.5 ft and a leading-edge sweep angle of 28.8°. The
half-body fuselage had a 25-in-diameter cylindrical
cross section with ogive nose and tail sections.

This ARW-2 wing design originated from an early
supercritical wing model developed for energy effi-
cient flight. It was designed for a cruise lift coefficient
of 0.53 at M = 0.80. The angle of attack for cruise
flight was approximately 1.35°. For a vehicle weight
of 2350 1b, the cruise altitude was 46 800 ft at a flight
dynamic pressure of 126.4 psf.

The desired shape of the wing for cruise flight
incorporated three airfoil shapes. The first airfoil
shape defined the inboard wing and fuselage junc-
ture at n = 0.106 where the airfoil thickness ra-
tio (t/c) was 0.144. The second airfoil shape defined
the midspan where the inboard trailing-edge exten-
sion ends at 77 = 0.426 with ¢/c = 0.120. The third
airfoil shape defined the wingtip at n = 1.000 with
t/c=0.106. Straight-line interpolation along a con-
stant percent chord defined the airfoil shape at lo-
cations between the three specified airfoils. Coordi-
nates for the three cruise shape airfoils are presented
in table 1.

With a flexible wing, it is necessary to use a
multistep process to define a fabrication or jig shape
that will result in the desired shape of the wing for
cruise flight conditions. For the ARW-2 flexible wing,
the scale-model surface-pressure measurements of the
wing were used to predict the full-scale aerodynamic
loads (ref. 4). These aerodynamic loads and a 1g con-
stant were then applied to a structural analysis model
of the wing that included structural stiffness and
mass characteristics of the wing and mass informa-
tion for nonstructural components. The calculated
deformation of the wing for the cruise condition was
then subtracted from the cruise shape to define the
jig shape for the wing. Jig shape airfoil coordinates
as calculated and as measured after fabrication are
listed in reference 13 for 10 semispan stations.

The frequency response characteristics measured
in still air for the wing structure are shown in fig-
ure 3. The four nodal frequencies in figure 3 are listed

in order of increasing frequency; these include the
wing first-bending mode, the wing second-bending
mode, the fore and aft in-plane mode, and the wing
first-torsion mode. The four frequencies are 8.1, 29.7,
39.9, and 62.6 Hz, respectively. Additional informa-
tion on the wing structure, the wing mode shapes,
and the frequencies is presented in reference 13.

Numerical calculations for comparison of pressure
distributions with data presented herein should be
based on the fabricated airfoil shapes and must ad-
dress static deformation of the wing under loading
(ref. 13). Time accurate calculations should also
include mass and frequency effects.

Instrumentation

Locations of the surface-pressure measurement
orifices and the accelerometers are presented in the
wing planform shown in figure 2. The surface pres-
sures of the wing were measured with a separate elec-
tronically scanned pressure (ESP) transducer module
measurement system for each orifice row (ref. 14).
Each ESP module contained 32 pressure transduc-
ers, all of which had a common reference pressure
port. For this test setup, the reference pressure was
the tunnel static pressure. The surface orifices of the
wing (0.040-in. diameter) were connected to the pres-
sure transducers by matched metal and plastic tubes
with inner diameters of 0.040 in. The total length
of each metal and plastic tube was 18 in. The sur-
face pressure was measured with 16 orifices on both
the upper and lower surface of the wing at the in-
board orifice row and 15 orifices each on both the
upper and lower surfaces of the wing at the other
five orifice rows for a total of 182 surface-pressure
measurements. An additional eight in situ pressure
transducers were located next to some of the orifices
at 7 = 0.871 for calibration, as noted in reference 13.
For this report, only surface-pressure measurement
data from the outboard three orifice rows (7 = 0.707,
0.871, and 0.972) were used.

Vertical response motion of the wing was mea-
sured by 10 accelerometers located along the front
and rear spars of the wing; the distribution is shown
in figure 2. The locations are listed in table 2. Only
data from accelerometers 9 and 10 were used for
this report. The wing was also equipped with sev-
eral calibrated strain gage bridges to measure shear,
bending-moment, and torsion loads (ref. 15). For the
wind tunnel tests, four strain gage bridges were used.
Strain gage bridges 1 and 2 were on the front spar,
and strain gage bridges 3 and 4 were on the rear
spar. All bridges were near the wing root, and their
locations are listed in table 2. Only data from strain
gage bridge 4 were used for this report. Strain gage
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bridge 4 had individual gages located on the upper
and lower spar caps (two each); therefore, the bridge
was primarily sensitive to bending-moment loads.

Data Acquisition

For flight-test purposes, the wing was equipped
with a digital 10-bit pulse code modulation (PCM)
encoder system for telemetric transmission of data
from the wing to a receiving station on the ground.
This encoder system was used to acquire most of the
wing instrumentation data for the wind tunnel test.
The sampling sequence of the encoder consisted of
a major data frame divided into eight minor frames.
Pressure measurements from the three outboard ori-
fice rows were sampled in each minor frame, which
resulted in 250 samples per sec. Pressure measure-
ments from the three inboard orifice rows were sam-
pled only once in each major frame for 31.25 sam-
ples per sec. For this report, only data recorded at
250 samples per sec were used. The encoder sys-
tem sampled the measurements sequentially rather
than all at the same instant. The sequential sam-
pling arrangement had a small effect on the phase
relationship between measurements. At 250 samples
per sec, the first measurement within one frame of
data was recorded as much as 0.004 sec before the last
measurement within the same frame. This sequential
sampling system resulted in phase errors from 0.01°
per Hz to 1.4° per Hz; the phase error depended on
the location of the signals in the sampling lineup. For
the data presented herein, no corrections were made
for the sequential sampling delays between measure-
ments. Also, corrections were not made for mag-
nitude and phase errors that might result from the
short length of the tubes used to connect the surface
orifices of the wing to the pressure transducers.

Data from the six outboard accelerometers and
the four strain gage bridges were taken at 250 sam-
ples per sec. Structural response measurements of
the wing presented herein are from the two wingtip
accelerometers (9 and 10) and the wing-root bending-
moment strain gage bridge (SGB 4).  Surface-
pressure measurements of the unsteady flow over the
wing presented herein were obtained at 250 samples
per sec from the three outboard orifice rows. The
strain gage bridge signals and accelerometer 9 and 10
signals were filtered with a cutoff frequency of 25 Hz
before being encoded and transmitted on the PCM
system.

Wind Tunnel

The model was tested in the Langley Transonic
Dynamics Tunnel (TDT), which is a closed-circuit
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continuous-flow tunnel with a 16-ft-square test sec-
tion with cropped corners and slots in all four walls
(ref. 16). Mach number and dynamic pressure can be
varied simultaneously or independently; either air or
a heavy gas (R-12) can be used as the test medium.
The heavy gas R-12 was used for the tests reported
herein.

Tests

The Mach number range for the tests reported
herein begins at the design cruise speed of M = 0.80
and increases to M = 0.96. The semirigid scale-
model tests of this supercritical wing configuration
indicated a drag divergence at M = 0.81 to 0.83
(ref. 3). Drag divergence is an indicator of the
development of strong shock waves on the surface
of the wing. These same semirigid scale-model tests
indicated a severe pitch-up problem beginning at
M = 0.86; therefore, the maximum speed for flight
tests was placarded to that Mach number. The
high-dynamic response of the wing was observed at
M =090 to M = 0.94, which was well above the
normal operating speed for this aircraft configura-
tion; however, most aircraft are required to show
that they are free from flutter to speeds 1.2 times the
design dive speed. For these tests, M = 0.96 repre-
sents 1.2 times the design cruise speed, and the high-
dynamic response of the wing did occur within this
speed range. Although the high-dynamic response
observed for this research wing is not considered to
be conventional flutter (bending and torsion inter-
action), the response was sufficiently large to warrant
further investigation.

The supercritical wing was tested at three dif-
ferent tunnel stagnation pressure levels. At each
stagnation pressure level, the speed of the tunnel
was increased until the desired Mach number was
reached. As a result, the test dynamic pressure g
increased slightly during each run as a function of
Mach number, as shown in figure 4. Although the
dynamic pressure was not constant, the runs at the
three different tunnel stagnation pressure levels are
referred to as the low ¢, medium ¢, and high g condi-
tions. At M = 0.92 the low g was 78.4 psf, medium ¢
was 153.3 psf, and high ¢ was 317.8 psf. Figure 4
also shows the region where the high-dynamic re-
sponse of the wing was observed and measured and
the predicted linear theory flutter boundary, which is
located at a much higher dynamic pressure level.

A list of conditions for the low ¢, medium ¢, and
high ¢ tests reported herein are presented in table 3.
For the low ¢ condition, data acquired at o = 0° are
presented for five Mach numbers. For the medium ¢
and high ¢ conditions, data are presented for seven



Mach numbers. For the medium ¢ conditions, the
angle of attack was varied from a = —2° to 2° in
increments of 1°. For the high g conditions, the
primary angle of attack was a = 0°, although a few
test points were obtained at & = —1° and 1°, as listed
in table 3.

Wing Response Measurements

Accelerometers

Statistical data (mean, maximum, minimum, and
standard deviation) for wingtip accelerometers 9
and 10 for a 10-sec measurement interval are shown
in tables 4, 5, and 6 for the low ¢, medium ¢, and
high g tests, respectively, for all conditions listed in
table 3. Examples of measurement time histories for
accelerometers 9 and 10 are shown in figure 5 for
a 4-sec time interval for all Mach numbers for the
medium ¢ and high g conditions with the model at
a = 0°. Signals from accelerometers 9 and 10 were
subjected to low pass filtering with a cutoff frequency
of 25 Hz. Plots of the standard deviation from ta-
bles 4, 5, and 6 for accelerometers 9 and 10 are pre-
sented in figure 6 for & = 0°. A PSD analysis for each
test condition with oo = 0° was also performed using
a 10.24-sec record of wingtip leading-edge data from
accelerometer 9. For each test condition, the maxi-
mum accelerometer PSD value in the 8-Hz to 10-Hz
range was established. These peak PSD values, nor-
malized to a maximum of 1.0, are presented in fig-
ure 7 as a function of Mach number for each of the
three dynamic pressure test levels. The results pre-
sented in figure 7 are consistent with those shown in
figure 6; both sets of results indicate that the largest
wingtip accelerations shifted from M = 0.94 for the
low ¢ condition to M = 0.90 to 0.92 for the high ¢
condition when the model was at a = 0°.

The dynamic response measured by the wingtip
accelerometers was greater for « = ~1° and 1° than
for a = 0° (tables 5 and 6). The largest dynamic
response of the wing occurred for the high q condition
at M =0.92 at o = —~1° (table 6 tab point 311).
A corresponding measurement for a = 1° was not
attempted because of concern for model structural
safety.

Results from a peak-hold, frequency response
analysis of the wingtip leading-edge accelerometer
signal (accelerometer 9) for the high g condition are
presented in figure 8. These results illustrate the
frequency range, the rapid growth, and the equally
rapid decay of the response of the wing as Mach num-
ber was increased from M = 0.80 to 0.96. The results
presented in figure 8 were taken in real time during
tests with intervals of several minutes for each data

set. The time interval is longer than the 10-sec data
intervals used for results in figures 6 and 7.

The accelerometer standard deviations (fig. 6)
and the frequency response analysis results (fig. 7)
indicate the following: no significant wingtip mo-
tion occurred at M = 0.80 and M = 0.85; for the
high dynamic pressure test condition, the maximum
wingtip response occurred from M = 0.90 to 0.92
with a significant decrease at M = 0.94; for the low ¢
and medium ¢ conditions, the maximum response of
the wingtip occurred from M = 0.92 to 0.94; and at
M = 0.96, the motion of the wingtip had essentially
subsided for all three dynamic pressure test condi-
tions. The accelerometer peak-hold frequency analy-
ses (fig. 8) show that the frequencies for the large
response motions of the wingtip were in the 8-Hz
to 10-Hz range, which indicates that the motions
of the wing were predominately composed of wing
first-bending mode motion.

Strain Gage Bridges

Statistical data for 10-sec measurement intervals
for the rear spar bending-moment strain gage bridge
(SGB 4) are presented in tables 7, 8, and 9 for
the low g, medium ¢, and high ¢ conditions, re-
spectively, for all test conditions listed in table 3.
Examples of SGB 4 measurement time histories
for the medium ¢ condition at a = 0° for a 4-sec
interval show oscillation amplitude and frequency
characteristics (fig. 9). For the M = 0.80, 0.85,
and 0.88 measurements, the bending-moment load
measured by SGB 4 increases with Mach number
(fig. 9). At M =0.90, the bending-moment load
has dropped slightly, and higher amplitude response
oscillations are seen. At M = 0.92 and M = 0.94,
the loading level has dropped significantly, and it
can be observed that 0.5- to 1.0-sec bursts of low
frequency wing bending-moment motions are occur-
ring. At M =0.96, the bending-moment loading
is very low, and the amplitude of oscillations has
decreased significantly.

The mean, maximum, and minimum values from
SGB 4 measurements listed in tables 7, 8, and 9 for
a = (0° are presented in figure 10 as a function of
test Mach number. The SGB 4 mean value data in-
dicates the total loading on the wing. The differ-
ence between the maximum value and the minimum
value measured over the 10-sec time interval indi-
cates the measurement range that occurs because of
loading oscillations. The SGB 4 standard deviation
values presented in figure 11 indicate the dynamic-
structural response of the wing was similar to that in-
dicated by the wingtip accelerometer measurements,
as shown in figure 6.
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Flow Visualization

Wool tufts were placed on the upper and lower
surfaces of the wing for several tests to visualize
the flow patterns on the wing. These tests were
separate from those used to obtain surface-pressure
measurements. The tufts were placed on eight span
stations located at = 0.517, 0.558, 0.635, 0.671,
0.761, 0.816, 0.905, and 0.938 (fig. 12). The tufts
were glued to the wing surface, with each having a
free-moving section 1 in. long. On the six inboard
span stations the tufts were located every 10 percent
of the local chord starting at 10 percent of the chord.
On the two outboard span stations, the tufts were
located between 10 percent and 90 percent chord at
every 20 percent of the local chord location.

Figure 13 lists the regions of separated flow on
the wing, as indicated by the tuft data for M = 0.85
to 0.96 at o = 0° for medium g conditions. Figure 13
also shows sketches of the scparated flow regions
defined by the tufts. Flow separation on the upper
surface is first indicated at M = 0.88. The region of
separated flow then expands upstream and outboard
as the Mach number increases to M = 0.94 and then
remains constant to M = 0.96. Flow separation on
the lower surface is initially indicated at M = 0.90.
The region of separated flow expands upstream and
outboard as Mach number increases to M = 0.94.
At M = 0.96, the region of separated flow on the
lower surface decreases and moves downstream and
inboard.

Unsteady Pressure Measurements

Surface-pressure measurements were recorded for
cach of the test conditions of table 3. These un-
steady pressure measurements are shown as follows:
(1) pressure measurement statistical data are pre-
sented in tables 10, 11, and 12 for all the test con-
ditions listed in table 3, (2) pressure measurement
time-history plots are presented in figures 14, 15,
and 16 for all test conditions at a = 0° in table 3,
and (3) chordwise pressure distributions of mean val-
ues with measurement ranges are presented in fig-
ures 17, 18, and 19 for test conditions at a = 0° in
table 3. The data presented in tables 10, 11, and 12
are the computed measurement mean value, the max-
imum value, the minimum value, and the standard
deviation for each of the pressure coefficients for the
10-sec analysis interval. The surface-pressure mea-
surement time-history plots in figures 14, 15, and 16
are presented for a 0.5-sec interval for each orifice
location. The mean value chordwise pressure distri-
butions and the measurement ranges in figures 17,
18, and 19 are a portion of the statistical data from
tables 10, 11, and 12.
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Surface-Pressure Measurement Time
Histories

Examples of time-history plots of 0.5-sec interval
pressure coefficients are presented in figures 14, 15,
and 16 for the low ¢, medium ¢, and high ¢ con-
ditions, respectively. The columns of time-history
measurements in each figure are for the three out-
board orifice rows, where high sample rate measure-
ments were obtained. The measurements show that,
at some test conditions, there are significant spanwise
variations in unsteady pressures as well as chordwise
variations. As indicated in the figures, the upper
15 pressure measurements in each column are from
the wing upper surface and the lower 15 from the
wing lower surface.

In figures 14, 15, and 16 at the left edge of each
of the inboard station (n = 0.707) pressure coeflicient
time-history records, the zero pressure coefficient
location is given as well as a diagonal line from the
zero pressure coefficient level to the value for the first
data point in the time-history record. Similarly, at
the right edge of each pressure coefficient time record
(all three semispan stations), the diagonal line goes
from the last measurement value in the record to the
zero level and is followed by the z/c position.

No pressure measurements are given for the first
three orifice locations on the lower surface at span-
wise station n = 0.707 because they were found to
be invalid. To show the relationship between lo-
cal pressure oscillations and the oscillatory motion
of the wing as measured by the bending-moment
strain gage bridge on the rear spar, the output of
SGB 4 is included in figures 14, 15, and 16. For
the wing first-bending mode, wing-root bending mo-
ment is expected to be proportional to wing deflec-
tion. Increased SGB 4 output indicates increased
upward bending-moment load.

Chordwise Pressure Distributions

Chordwise pressure distributions for the upper-
and lower-surface mean values of the three out-
board orifice stations and the ranges for the upper-
and lower-surface measurements are presented in
figures 17, 18, and 19 for the low ¢, medium g,
and high g conditions, respectively. The mean val-
ues and the range of minimum and maximum val-
ues for a 10-sec interval for each test condition are
listed in tables 10, 11, and 12. The range of val-
ues was selected as the method to show the pres-
sure variations because of the nonperiodic form of the
pressure variations at several locations. The upper-
and lower-surface-pressure measurement ranges are
shown separately to prevent overlapping of data.



Flow Separation

The mean value chordwise pressure distributions
and measurement ranges of figures 17, 18, and 19
can also give information on the occurrence of flow
separation. The typical practice is to infer the
state of the flow from the mean pressure measure-
ments at a few key locations. For this supercritical
airfoil, the upper-surface pressure coefficient curve
should cross from above (negative value) to below
the zero line (positive value) near x/c = 0.95 for
attached flow conditions. Good examples of pres-
sure distributions are shown in figure 18(a), where
the upper-surface trailing-edge measurements for all
three semispan stations are well below the zero line.
Trailing-edge separated flow conditions are definitely
indicated if the upper-surface trailing-edge pressure
measurement at z/c = 0.99 approaches or crosses to
the upper side of the zero line. An example of the
mean value upper-surface trailing-edge pressure mea-
surement approaching the zero line is shown in fig-
ure 18(d) for M = 0.90 at n = 0.707. Note that the
range indicates that the measurement has crossed to
the upper side of the zero line on at least one occa-
sion. Figure 18(g) shows an example of upper-surface
flow separation along the trailing edge at all three
semispan stations.

For the wing lower surface, attached flow in the
trailing-edge cove region of the supercritical airfoil
from z/c = 0.60 to 0.975 produces a positive pres-
sure coefficient profile below the zero line, as shown
in figures 17, 18, and 19 for M = 0.80, 0.85, and 0.88.
When the flow on the lower surface separates, the
pressure coefficients for the cove region move up to-
ward, or across and above the zero line. Localized
flow separation in the front portion of the lower-
surface cove region often occurs prior to flow sepa-
ration over the entire cove region. An example is
shown in figure 18(e) for measurements at 5 = 0.707.
For attached flow, the lower-surface measurement at
z/c = 0.66 should be below the zero line, and the
measurement at x/c = 0.74 should be farther below
the zero line. These lower-surface measurements at
z/c=0.66 and 0.74 indicate a localized flow sepa-
ration bubble at the leading edge of the cove re-
gion with attached flow farther toward the trailing
edge, particularly at the last two measurement loca-
tions. A schematic of flow with a separation bubble
is given in figure 20. Figures 14, 15, and 16, which
present pressure coefficient time histories, can also
be evaluated for flow separation with the techniques
described above.

Discussion of Results

Chordwise pressure distribution plots showing
mean value (time-averaged) data are the most com-
mon way of presenting measured surface-pressure
data of the wing. If the measurement range is in-
cluded with the mean value data, it can alert the
observer to unsteady flow and its location in the pres-
sure distribution. Corresponding time-history plots
of measured surface-pressure coefficients of the wing
provide an indication of the cyclic nature, the magni-
tude, and the frequency variation of individual mea-
surements. The following paragraphs discuss corre-
lating results from the pressurec measurements (the
time-history plots and the chordwise pressure distri-
butions) and the dynamic response of the wing as
observed visually and as measured by a wingtip ac-
celerometer and a wing-root strain gage bridge for
each of the test Mach numbers.

Mach 0.80

Data were recorded at M = 0.80, which is the
wing design Mach number, for the medium ¢ and
high g conditions. At this Mach number, the wing
exhibited little or no significant dynamic response.
However, the pressure coefficient time-history mea-
surements (figs. 15(a) and 16(a)) did show that there
is a large region of high-frequency unsteady flow
on the upper surface of the wing (from z/c = 0.29
to 0.74 at n = 0.707 and from /¢ = 0.30 to 0.57 at
1 = 0.871). No coherent low-frequency content is no-
ticeable in the pressure measurements, and no signif-
icant motion of the wing is indicated by the SGB 4
trace (fig. 9) or by the accelerometer trace (fig. 5),
nor was any observed visually. The corresponding
chordwise pressure distribution mean value data are
presented in figure 18(a) for the medium ¢ condi-
tion and in figure 19(a) for the high ¢ condition. The
largest measurement ranges occur at the inboard sta-
tion (n = 0.707) with ranges of lesser magnitude at
the outboard station (7 = 0.972). The data shown in
figures 15(a), 16(a), 18(a), and 19(a) are for a = 0°,
whereas the design cruise angle of attack for the wing
was about 1.5°. A comparison of the inboard upper-
surface-pressure coefficient standard deviation data
for o =0°, 1.0°, and 2.0° for the medium g condi-
tion (tables 11(o), 11(v), and 11(cc)) indicates that
the amount of upper-surface flow unsteadiness was
similar, but the magnitude increased as the angle of
attack was increased. Because M = 0.80 was the de-
sign cruise Mach number for this supercritical wing,
this region of flow unsteadiness was not expected,



although it did not seem to cause any significant
response motion of the wing.

Mach 0.85

The dynamic response of the wing increased lit-
tle at M = 0.85 over that experienced at M = 0.80
(figs. 5 through 11). However, there is evidence
from the pressure measurements of the development
of a strong shock on the upper surface of the wing
for all span stations at all three test conditions
(low g, medium ¢, and high g). The time-history
measurements of pressure coefficients for A = 0.85
(figs. 14(a), 15(b), and 16(b)) show a large ver-
tical separation between measurement traces (e.g.,
fig. 14(a) frora z/c = 0.74 to 0.82 at n = 0.707) which
is characteristic of the steep pressure gradient associ-
ated with a strong shock. The shock location moves
progressively forward for the middle (n = 0.871) and
outboard (7 = 0.972) orifice rows. As the test dy-
namic pressure is increased, the shock location at
each spanwise station moves forward, the pressure
change across the shock decreases, and the flow un-
steadiness increases. (Compare figs. 14(a), 15(b),
and 16(b).) These changes with increased dynamic
pressure are believed to result from a decrease in lo-
cal angle of attack for the supercritical wing. The de-
creased angle of attack occurs with bending and twist
deformation as test dynamic pressure, and therefore
wing loading, increases. The levels of loading of the
wing for each test condition, as measured by the
wing-root bending-moment strain gage bridge, are
shown in figure 10.

The chordwise pressure distribution and measure-
ment tange data for low ¢, medium ¢, and high ¢
conditions at M = 0.85 show shock locations on the
upper surface and regions of large flow unsteadiness
on both the upper and lower surfaces (figs. 17(a),
18(b), and 19(b)). The measurement ranges are par-
ticularly large for the upper-surface shock locations
at all three span stations. At M = 0.85, there was
no indication of flow separation. Also, there was no
large wing response motion measured (figs. 6 and 11)
or observed visually.

Mach 0.88

At M = 0.88, data were recorded only for the
medium ¢ and high ¢ conditions. The pressure coef-
ficient time histories for M = 0.88 show that large-
amplitude pressure variations occurred at several ori-
fice locations at each spanwise location (figs. 15(c)
and 16(c)). The strong shock locations on the up-
per surface are readily observable. The large ver-
tical spikes in the pressure traces for z/c = 0.74 at
n=0.707, z/c = 0.68 at 7 = 0.871, and z/c = 0.43
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at 7 =0.972 occur when the shock periodically
moves across these locations. The frequency of the
shock oscillation (fig. 15(c)) appears to be about
15 Hz, whereas the wing bending-moment frequency
is about 9 to 10 Hz. The bending-moment frequency
can be seen better in figure 9, which gives a longer
time interval record for SGB 4 than what appears
in figure 15(c). (At M = 0.94, larger motion of the
wing is experienced; the shock frequency decreases
and is more clearly associated with the oscillatory
motion of the wing (fig. 15(f)). At A/ =088, a
large pressure gradient on the lower surface of the
wing at the outboard orifice row (n = 0.972) be-
tween x/c = 0.29 and 0.36 indicates the existence of a
strong shock. A strong shock on the lower surface at
the two more inboard stations ( = 0.707 and 0.871)
is not as obvious, although large pressure oscilla-
tions exist across several orifice locations (z/c = 0.30
to 0.57 for = 0.871). For the medium ¢ condition
(fig. 15(c)), there are many orifice locations where
large-amplitude pressure oscillations occur, but the
increase in motion of the wing from M = 0.85 to 0.88
was moderate, as shown by the wing response motion
data (figs. 6 and 11). For the high ¢ condition, the
unsteady pressure oscillations on the lower surface
of the wing were much larger, and a correspondingly
greater increase in measured response motion of the
wing from M = 0.85 to 0.88 occurred, as shown in
figures 6 and 11.

The chordwise pressure distribution data for
M = 0.88 also show that the upper-surface measure-
ment ranges are largest at and near the shock loca-
tion (figs. 18(c) and 19(c)). For the lower surface
of the wing, the range of measured pressure varia-
tions is quite large in the midchord region (z/c = 0.30
to 0.51), which may represent shock movement over
a large fraction of the chord. Both the trailing-
edge pressure coefficient measurements and the ob-
servation of the wool tufts at medium ¢ condition
indicated that the flow remained attached in the
outboard region of the wing for this Mach num-
ber. Although the pressure measurement ranges are
very large at M = 0.88, the wing experienced only a
moderate increase in response motion as mentioned
earlier.

Mach 0.90

At M = 0.90, the response of the wing increased
significantly for all test conditions, and it was at
or near the maximum response for the high g con-
dition. The pressure coefficient time histories for
M = 0.90 show the continued existence of a strong
shock on the upper surface of the wing and the de-
velopment of a strong shock on the lower surface of



the wing at the inboard (n = 0.707) and outboard
(n = 0.972) stations (figs. 14(b), 15(d), and 16(d)).
On the lower surface at the middle spanwise station
n = 0.871 for the low ¢ condition, there appears to
be an oscillating weak shock (fig. 14(b)). Also at
n = 0.871, a strong shock appears to be developing
for the medium ¢ condition (fig. 15(d)), and at the
high ¢ condition, a strong shock has developed, al-
though it is oscillating across the x/c = 0.51 orifice
location (fig. 16(d)). The trailing-edge upper- and
lower-surface pressures at M = 0.90 are relatively
stable for all spanwise stations at all dynamic pres-
sure test conditions; however, the high ¢ condition at
the inboard station 57 = 0.707 lower-surface measure-
ments from z/c = 0.52 to 0.97 show large-amplitude
pressure variations (fig. 16(d)). These lower-surface-
pressure fluctuations are believed to result from the
development of a flow separation bubble that ex-
tends roughly from x/c = 0.66 to z/c = 0.82 in the
trailing-edge cove region.

The time-history pressure measurements at the
medium ¢ conditions that indicate attached flow
(fig. 15(d)) are different from the tuft measurement
results shown in figure 13. These tuft measurement
results indicate flow separation on the upper-surface
trailing edge for all three pressure measurement span
stations and on the lower surface at the inboard sta-
tion, n = 0.707. The surface-pressure measurements
and the tuft measurements were taken on separate
test runs to assure that the tufts did not interfere
with the pressure measurements. It is possible that
the tufts may cause flow separation to occur slightly
earlier than it would occur for the clean wing be-
cause the tufts are surface mounted and will cause
some flow disturbance.

The mean value pressure distributions for
M = 0.90 show noticeable differences in profile for
the low ¢, medium ¢, and high ¢ conditions (figs. 17(b)
18(d), and 19(d)). At the low g condition, the upper-
surface-pressure coefficients are higher than those of
the lower surface over the entire chord (fig. 17(b)). At
the medium ¢ condition, the upper- and lower-surface
mean value pressure coefficients are about equal over
the first 40 percent of the chord (fig. 18(d)). For
the high g condition, the lower-surface-pressure co-
efficients are higher in magnitude than those of the
upper surface over the forward portion of the chord
(fig. 19(d)). This difference in pressure coefficients
is a strong indication that the flexible wing has ex-
perienced increased upward bending deflection with
increased test dynamic pressure, which for this aft
swept wing, effectively results in nose-down twist.
Additional nose-down twist occurs because of the aft

’

chord loading, which is typical of the supercritical
airfoil.

For M =0.90, the pressure measurement ranges
show large amplitudes at the strong shock locations
for both upper and lower surfaces. For the high g
condition, at the inboard orifice row 7 = 0.707, the
upward shift of the pressure coefficients in the lower-
surface cusp region from z/c=0.66 to x/c = 0.82
indicate the existence of a flow separation bubble in
this region (fig. 19(d)).

The motion of the wing at M = 0.90, as indicted
by the SGB 4 time-history traces in figures 14(b),
15(d), and 16(d), the accelerometer data in figures 6
and 7, and the SGB 4 data in figure 11, shows a
significant increase for the high ¢ condition when
compared with the low ¢ and medium ¢ conditions.
This increase in motion of the wing is consistent
with the beginning of flow separation on the lower
surface of the wing in the aft cusp region. For the
high ¢ condition, the wingtip motion was visually
observed to be very large, which was consistent with
the instrument measurements.

Mach 0.92

At M = 0.92, the observed wingtip motions were
at or near maximum for each of the dynamic pres-
sure test conditions (figs. 6, 7, and 11). For the high ¢
condition, the wingtip motions were large enough to
cause concern for the structural safety of the wing.
The time-history measurements of pressure coeffi-
cients at A = 0.92 show large-amplitude pressure os-
cillations associated with strong shocks on both the
upper and lower surfaces of the wing at all three
semispan stations (figs. 14(c), 15(e), and 16(e)).

The mean pressure coefficient distributions at
M = 0.92 show the strong shock locations and the
associated large measurement ranges on both the
upper and lower surfaces of the wing (figs. 17(c),
18(e), and 19(e)). These mean pressure distribu-
tions also indicate the existence of some flow sepa-
ration at the upper-surface trailing edge, the devel-
opment of a lower-surface flow separation bubble at
the inboard station for the low ¢ and medium ¢ con-
ditions, and the increase in size of the flow separa-
tion region for the high ¢ condition. At the inboard
station n = 0.707, the flow appears to be separated
at the upper-surface trailing edge for all three test
conditions. For the midwing station n = 0.871, the
upper-surface trailing-edge flow appears to be sepa-
rated for the low ¢ condition, but it is attached for
the medium ¢ and high ¢ conditions. On the lower
surface of the wing, a separation bubble exists in the
aft cusp region at the inboard and midwing stations
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(n =0.707 and 5 = 0.871) for all three test condi-
tions. However, the size of the separation region in-
creases from a single orifice location (z/c = 0.66 at
n = 0.707 and z/c = 0.68 at n = 0.871) for the low ¢
condition to a much larger area (z/c = 0.66 to 0.90
at n = 0.707 and z/c = 0.68 to 0.91 at n = 0.871) for
the high ¢ condition. The variations in flow separa-
tion at the inboard and midwing span stations for
the low g, medium ¢, and high g conditions are con-
sistent with a decrease in local angle of attack be-
cause of twist for the flexible wing as test dynamic
pressure is increased. At the farthest outboard semi-
span station 7 = 0.972, the flow appears to remain
attached for all three dynamic pressure test condi-
tions, although large-amplitude pressure variations
existed on the lower surface for the high ¢ condition.

The SGB 4 time histories for M = 0.92 show a
significant increase in oscillation amplitude for the
low ¢ and medium ¢ conditions over that experi-
enced at M = 0.90 (figs. 14(c) and 15(e)). For the
high ¢ condition, the oscillation in the SGB 4 mea-
surement remained at approximately the same high
level as for the M = 0.90 case (fig. 16(e)). These
SGB 4 measurement relationships are also shown in
figure 11.

Mach 0.94

The wing motion decreased significantly from
M =092 to M =0.94 for the high ¢ condition,
whereas for the medium q or low g conditions, the
wing motions remained at about the same level
(figs. 6, 7, and 11). The pressure coefficient time-
history measurements at M = 0.94 for the low g and
medium ¢ conditions show that a separation bub-
ble exists on the lower surface, continuously or inter-
mittently, for all three spanwise stations (figs. 14(d)
and 15(f)). For the high ¢ condition (fig. 16(f)), the
flow has completely separated in the lower-surface
cusp region for the two inboard spanwise stations
(n = 0.707 and n = 0.871); at the outboard station
(n = 0.972), the size of the separation bubble has in-
creased significantly (z/c = 0.70 to z/c = 0.90). The
associated pressure oscillations in this region are
greatly reduced for the high g condition from those
of the low g and medium g conditions where the flow
is separated at the beginning of the cove region but
reattaches near the trailing edge. For the low g con-
dition, the steep pressure gradient associated with a
strong shock is not observable for the outboard orifice
row (1 = 0.972) for either the upper or lower surface,
although the largest pressure oscillations are at the
outboard station (fig. 14(d)).

The mean pressure coefficient distributions for
M = 0.94 show that significant continuous flow sep-
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aration exists on both the upper and lower surfaces
(figs. 17(d), 18(f), and 19(f)). At the low g con-
dition, the mean value chordwise pressure distribu-
tion for the outboard span station (7 = 0.972) does
not show the steep pressure gradient associated with
a strong shock in the aft chord region, but rather
it shows a region where the measurement range is
quite large (fig. 17(d)). Data for the medium ¢ condi-
tion show large measurement ranges associated with
shock locations as well as indications of separated
flow on the upper surface and in the lower-surface
cove region at all semispan stations (fig. 18(f)). At
the high ¢ condition, the data show that flow sepa-
ration exists on the upper and lower surfaces at all
semispan stations with small measurement ranges for
the inboard and midwing stations, except at shock
locations (fig. 19(f)). At M = 0.94, the motion of
the wing as observed and measured by SGB 4 and
accelerometer 9 was significantly decreased for the
high ¢ condition, but it remained comparable to that
at M = 0.92 for the low g and medium ¢ conditions.

Mach 0.96

At M = 0.96, the motion of the wing as mea-
sured by the wingtip accelerometer and the wing-
root strain gage bridge and as observed visually had
substantially decreased for all dynamic pressure test
conditions; therefore, it was no longer a concern with
regard to safety of the wing. The time-history mea-
surements of pressure coefficients for M = 0.96 show
that trailing-edge flow separation has occurred on
both the upper and lower surfaces of the wing for
all span stations and all dynamic pressure test condi-
tions (figs. 14(e), 15(g), and 16(g)). The SGB 4 mea-
surement traces show very little oscillation, and as
previously described, motion of the wing had almost
completely subsided. The mean pressure coeflicient
chordwise distributions at M = 0.96 show separated
flow conditions on the upper-surface trailing edge
and all through the cove region on the lower surface
(figs. 17(e), 18(g), and 19(g)). There was very mini-
mal response motion of the wing at this Mach number
for all three dynamic pressure test conditions.

Summary

The buildup in dynamic response of the wing
for each dynamic pressure test condition is associ-
ated with the development of strong shocks, first
on the upper surface of the wing and then on the
lower surface of the wing. The maximum dynamic
response of the wing appears to be associated with
the development of a flow separation bubble on the
lower surface of the wing in the trailing-edge cove
region (z/c =0.60 to 0.80). The flow separation
bubble appears first at the more inboard semispan



station (7 = 0.707) and moves outboard with increas-
ing Mach number. The motion of the wing decreases
significantly as soon as the flow separation on the
lower surface extends all the way to the trailing edge
at the more inboard span stations. This generally
correlates with flow separation at the upper-surface
trailing edge. Because of changes in wing shape
(bending and twist) with loading, the dynamic re-
sponse buildup and decay occurred at slightly lower
Mach numbers for the high ¢ condition than for the
low ¢ and medium q conditions.

Effects of Wing Loading and Flexibility

The chordwise pressure distributions in figures 17,
18, and 19 showed the most significant unsteady flow
conditions occurred on the outboard portion of the
wing. It was mentioned in the discussion for the
M = 0.85 test conditions that changes of local an-
gle of attack occurred as a function of test dynamic
pressure because of wing bending and twist defor-
mation caused by aerodynamic loading. A compar-
ison of mean value chordwise pressure distributions
for the low ¢, medium ¢, and high ¢ conditions for
the model at a = 0° are presented in figure 21(a) for
the upper surface of the wing and in figure 21(b) for
the lower surface of the wing for each Mach num-
ber test condition. The figures show differences that
are believed to occur primarily because of the defor-
mation of the wing with loading. It is acknowledged
that as the test dynamic pressure is increased for any
given Mach number, the test Reynolds number also
increases, as shown in table 3.

For the upper surface of the wing, the largest
changes in chordwise mean pressure distributions for
the three test dynamic pressures are at M = 0.85 for
the forward portion of the chord and M = 0.92 to
M =0.96 for the shock location on the aft portion
of the chord (fig. 21(a)). At M =0.92, the large
shift forward in shock location at n = 0.707 occurs
at the high ¢ condition. For span station 5 = 0.871,
the shock location for the medium ¢ condition is
farther aft than for the low ¢ and high ¢ conditions.
This is true at span station n = 0.871 for M = (.88
through M = 0.96, whereas for the inboard station
(n=0.707) and outboard station (7 = 0.972), the
medium ¢ upper-surface data fall on or between the
high ¢ and low ¢ data. Note that for M = 0.80 and
M = 0.88, no low ¢ data are available.

For the lower surface of the wing, the most sig-
nificant changes occur in the aft cove region where
flow becomes separated as Mach number and test
dynamic pressurc are increased (fig. 21(b)). Flow
separation is indicated first at the inboard station
1 = 0.707 for the high ¢ condition at M = 0.90. At

M =0.92, flow separation in the cove region is indi-
cated at both n = 0.707 and n = 0.871. At M = 0.96,
the mean pressure distributions indicate that the
flow is separated in the cove region for all three test
dynamic pressures.

Effects of Angle-of-Attack Changes

The effects of changes in angle of attack on the
chordwise distribution of pressure coefficient mean
values for the three spanwise station orifice rows at
each Mach number are presented in figure 22(a) for
the upper surface of the wing and in figure 22(b) for
the lower surface of the wing. All data presented
in figure 21 are for the medium dynamic pressure
test condition with a range from o = —2° to 2°
in increments of 1°. Because the wing is flexible,
changes in loading of the wing with changes in the
angle of attack of the model will also result in changes
in wing bending and twist deformation.

The primary changes in the mean value pressure
distributions on the wing upper surface occur on the
forward portion of the chord with increasing negative
pressure as angle of attack is increased, as would be
expected (fig. 22(a)). At M = 0.80, evidence of a
strong shock on the upper surface occurs only at the
highest angle of attack (a=2°). At M =085, a
strong shock on the upper surface is evident at o = 1°
and a = 2°,

For the lower surface of the wing the changes
in leading-edge pressures are inversely proportional
to angle of attack, as expected (fig. 22(b)). Strong
shocks occur on the lower surface at M = 0.88 for
a = —2%and -1°. At M = 0.92, strong shocks occur
on the lower surface for all angles of attack tested,
and flow separation is indicated in the lower-surface
cove region (z/c > 0.6) for the inboard stations for
the more negative angles of attack.

Comparison With Rigid Two-Dimensional
Model Test Data

Measurements similar to measurements presented
herein were made for surface-pressure fluctuations
measured on a two-dimensional (2-D), rigid, conven-
tional NACA 0012 airfoil scction and on an carly
supercritical airfoil section (DSMA 523), and they
are reported in reference 17. Figures 23 and 24,
which are reproduced from reference 17, show carpet
plots of pressure coefficient fluctuation (rms) values
for these models as a function of chord position and
Mach number. A similar presentation for the ARW-2
flexible three-dimensional (3-D) model is shown in
figure 25 for data measured on the upper surface
of the wing at semispan station 7 = 0.871 for the
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medium ¢ conditions and a = 2° to give the closest

 correlation in lift coefficients between the different

sets of data. The ARW-2 data are standard devia-
tion (rms) values from tables 11(cc) and 11(ii). A
more direct comparison between data for 2-D mod-
els and 3-D swept wing models would result if the
Mach number for the swept wing model was multi-
plied by the cosine of the wing sweep angle. For the
ARW-2 model, this comparison was more difficult be-
cause the model was tapered, which makes the local
sweep angle different at each chord position. For ex-
ample, the leading-edge sweep angle is 28.8°, but the
midchord sweep angle is 25.0°.

The data for the 2-D rigid NACA 0012 airfoil in-
dicate that the maximum pressure fluctuations oc-
cur at the shock region, which moves slightly aft
as Mach number is increased (fig. 23). Also, the
data for the NACA 0012 airfoil show an increase in
pressure fluctuation behind the shock for the higher
Mach number conditions, which indicates separated
flow for those test conditions. The data for the
2-D rigid DSMA 523 supercritical airfoil also indi-
cate that the maximum pressure fluctuations are at
the shock region (fig. 24). The shock location moved
much farther aft with increased Mach number for the
DSMA 523 airfoil than for the NACA 0012 airfoil.
The data for the DSMA 523 airfoil also show an in-
crease in pressure fluctuations, which indicates sep-
arated flow behind the shock at higher Mach num-
ber conditions. The data for the 3-D flexible ARW-2
supercritical wing section also show the largest pres-
sure fluctuations in the shock region (fig. 25). The
shock region for the ARW-2 section is far forward

“at M =0.80, but it moved back significantly at

M = 0.85 and then moved back in smaller incre-
ments as Mach number is increased farther. For the
ARW-2 section, the pressure fluctuations are largest
at M = 0.88 and M = 0.90 for @ = 2°. The increase
in pressure fluctuations behind the shock, which in-
dicates separated flow, is present for M = 0.90 and
higher, as shown in figure 25. A comparison of the
pressure fluctuations of all the models shows that the
magnitude of pressure fluctuation at the shock region
is similar for the rigid 2-D airfoils and the 3-D flexible
ARW-2 model.

Concluding Remarks

A high-aspect-ratio, flexible, supercritical wing
was tested in the Langley Transonic Dynamics Tun-
nel to investigate a region of high-dynamic response
of the wing that occurred in the transonic speed
range. Accelerometer measurements indicated that
significant wingtip motions occurred between test
Mach numbers M = 0.90 and M = 0.94 with peak
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response occurring at about M = 0.92. Tests at dif-
ferent test dynamic pressure levels ¢ revealed that
the Mach number region at which wing high-dynamic
response was experienced remained nearly the same,
but that the magnitude of wingtip motion increased
as the test dynamic pressure was increased.

Surface-pressure measurements were obtained as
part of the effort to define the unsteady flow condi-
tions forcing the wing motion. These data are pre-
sented as tables of statistical data, pressure measure-
ment time histories, and plots of chordwise pressure
coefficients. The pressure measurement time histo-
ries show the magnitude and the frequency of the
unsteady pressure oscillations, whereas flow separa-
tion was more easily determined from the chordwise
pressure distributions.

The time-history measurements revealed that
some high-frequency unsteady flow existed at the
wing design cruise Mach number M = 0.80, although
no significant wing motion occurred. As the Mach
number was increased to M = 0.88, the upper surface
of the wing developed steady supersonic flow over the
forward portion of the chord. This flow was followed
by a strong shock whose location oscillated across at
least one pressure measurement orifice location. Al-
though the measured pressure variations were large
at M = 0.88, the wing experienced only moderate re-
sponse motion. As the Mach number was increased
to M = 0.92, the wing developed supersonic flow over
the forward portion of the chord that was followed by
strong shocks on both the upper and lower surfaces.
The pressure variations with the largest amplitude
occurred at the strong shock locations with smaller
variations primarily aft of the shock in the trailing-
edge region, particularly on the lower surface of the
wing. At the high dynamic pressure test condition for
M = 0.92, the wing motion was of sufficient magni-
tude to cause concern for the structural safety of the
wing. When the test Mach number was increased to
M = 0.96, the pressure measurements exhibited very
small dynamic variations, and the motion of the wing
essentially disappeared.

The maximum dynamic response of the wing ap-
pears to be associated with the development of a flow
separation bubble on the lower surface of the wing in
the trailing-edge cove region. The flow separation
bubble appears first at the more inboard fraction of
the semispan (7 = 0.707) and increases in length and
also moves outboard with increasing Mach number.
For the high q condition, the separation bubble ap-
pears first at M = 0.90, whereas for the low ¢ and
medium ¢ conditions, it appears first at M = 0.92.
This difference is attributed to increased loading of
the wing for the high ¢ condition and therefore a



difference in wing shape (twist). At M = 0.96, with
wing motion subsided, flow separation had occurred
at the upper-surface trailing edge. On the lower
surface, the flow had changed from a flow separation
bubble to a complete separation from the forward
edge of the cove region to the trailing edge of the
wing.

NASA Langley Research Center
Hampton, VA 23681-0001
August 11, 1994
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Table 1. Design Streamwise Airfoil Coordinates for Cruise Mach Number of 0.80

z/c z/e
z/e Upper surface Lower surface zfc Upper surface Lower surface
Wing and fuselage junction at n = 0.106 0.47000 0.04688 —0.08386
0.00000 —0.00166 —0.00166 .48000 .04585 —.08316
00200 .00960 —.01321 .49000 .04480 —.08246
.00500 .01579 —.01923 .50000 .04377 —.08154
.01000 .02257 —.02612 .51000 .04263 —.08064
.02000 03129 —.03453 .52000 .04149 —.07964
.03000 .03642 —.04011 .53000 .04035 —.07853
.04000 .04046 —.04457 .54000 .03911 —.07743
.05000 .04358 —.04843 .55000 .03787 —.07613
.06000 .04619 —.05178 .56000 .03663 —.07482
.07000 .04839 —.05483 .57000 .03529 —.07342
.08000 .05029 —.05768 .58000 .03395 —.07202
.09000 .05200 -.06033 .59000 03261 —.07052
.10000 .05339 -.06278 .60000 .03127 —.06902
.11000 .05457 —.06502 .61000 .02983 —.06753
.12000 .05556 —.06716 .62000 .02839 —.06593
13000 .05645 ~.06910 .63000 .02695 —.06434
.14000 .05723 —.07094 .64000 .02551 —.06275
.15000 .05791 —.07267 .65000 .02398 —.06116
.16000 .05849 -.07420 .66000 .02264 —.05957
17000 .05897 —.07563 .67000 .02090 —.05799
.18000 .05945 —.07693 .68000 .01926 —.05649
.19000 .05972 —.07818 .69000 .01762 —.05503
.20000 .05990 —.07930 .70000 .01599 —.05366
.21000 .05997 —.08032 .71000 .01436 —.05228
.22000 .06004 —.08124 .72000 .01262 —.05091
.23000 .06001 —.08205 .73000 .01089 —.04965
.24000 .05998 —.08276 .74000 .00915 —.04848
.25000 .05985 —.08337 .75000 .00732 —.04732
.26000 .05971 —.08398 .76000 .00549 —.04616
.27000 .05948 —.08449 77000 .00366 —.04509
.28000 05925 —.08489 .78000 .00183 —.04414
.29000 .05892 —.08530 .79000 —.00009 —.04327
.30000 .05859 —.08561 .80000 —.00202 —.04241
.31000 .05826 —.08591 .81000 —.00395 —-.04165
.32000 .05782 —.08622 .82000 —.00597 —.04098
.33000 05739 —.08642 .83000 —.00799 —.04042
.34000 .05686 —.08663 .84000 —.01001 —.03995
.35000 .05632 —.08674 .85000 —.01203 —.03958
.36000 .05568 —.08684 .86000 —.01404 —.03931
.37000 .05505 —-.08685 .87000 —.01584 —.03913
.38000 .05442 —.08685 .88000 —.01806 —.03904
.39000 .05368 —.08676 .89000 —.02006 —.03914
.40000 056294 —.08666 90000 —.02206 —.03917
.41000 .05221 —.08647 91000 —.02406 —.03947
.42000 .05137 —.08616 .92000 —.02605 —.03987
.43000 .05053 —.08586 .93000 —.02804 —.04036
.44000 .04970 --.08546 .94000 —.03002 —.04104
.45000 .04876 —.08496 .95000 —.03200 —.04182
46000 04782 —.08446 96000 —.03398 —.04269
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Table 1. Continued

z/e zfc
z/e Upper surface Lower surface z/c Upper surface Lower surface

Wing and fuselage junction at n = 0.106 0.43000 0.05939 —0.05952
0.97000 —0.03596 —0.04375 .44000 .05937 —.05913
.98000 —.03792 —.04501 .45000 .05935 —.05865
.99000 —.03987 —.04647 .46000 05924 —.05816
1.00000 —.04182 —.04811 47000 .05913 —.05758
Planform break at n = 0.426 .48000 .05901 —.05690
0.00000 —0.00436 —0.00436 49000 .05880 —.05621
.00200 .00499 —.01319 .50000 .05859 —.05543
.00500 .00990 —.01822 .51000 .05837 —.05454
.01000 .01483 —.02312 .52000 .05816 —.05366
.02000 .02111 —.02925 .53000 .05784 —.05267
.03000 .02559 —.03359 .54000 .05753 —.05159
.04000 .02896 —.03682 .55000 .05721 —.05050
05000 .03165 —.03935 .56000 .05680 —.04922
.06000 .03403 —.04156 .57000 .05639 —.04793
.07000 .03611 —.04348 .58000 .05597 —.04655
.08000 .03800 —.04520 .59000 .05546 —.04506
.09000 .03968 —.04672 .60000 .05494 —.04357
.10000 .04126 —.04813 .61000 .05433 —.04198
.11000 .04265 —.04935 .62000 .05371 —.04040
12000 .04393 —.05056 .63000 .05310 —.03871
.13000 .04522 —.05168 .64000 .05238 —.03702
.14000 .04640 —.05269 .65000 .05167 —.03523
.15000 .04749 —.05361 .66000 05085 —.03344
.16000 .04847 —.05443 .67000 .05004 —.03155
.17000 .04946 —.05524 .68000 .04913 —.02966
.18000 .05034 —.05595 .69000 .04821 —.02777
.19000 .05113 —.05667 .70000 .04730 —.02588
.20000 05191 —.05728 .71000 .04629 —.02399
.21000 .05260 —.05790 .72000 .04527 —.02210
.22000 .05329 —.05841 .73000 .04416 —.02021
.23000 05397 —.05883 .74000 .04304 —.01832
.24000 05456 —.05924 .75000 .04183 —.01643
.25000 .05514 —.05966 76000 .04062 —.01454
.26000 .05563 —.05997 77000 .03940 —.01265
.27000 .05612 —.06028 .78000 .03809 —.01086
.28000 .05660 —.06050 .79000 .03678 —.00917
.29000 .05698 —.06072 .80000 .03537 —.00758
.30000 .05737 —.06093 .81000 .03395 —.00599
.31000 .05765 —.06105 .82000 .03244 —.00450
.32000 .05794 —.06106 .83000 .03093 —.00311
.33000 .05823 —.06108 .84000 .02942 —.00183
.34000 .05851 —.06109 .85000 02781 —.00064
.36000 .05888 —.06102 .86000 .02620 .00035
37000 .05907 —.06093 .87000 .02449 .00114
.38000 .05915 —.06085 .88000 .02277 .00172
.39000 .05924 —.06066 .89000 .02096 .00221
.40000 .05933 —.06047 .90000 .01915 .00249
.41000 .05941 —.06019 .91000 01724 .00258
42000 .05940 —.05991 .92000 .01533 .00236
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Table 1. Continued

zfe z/c

zfc Upper surface Lower surface z/c Upper surface Lower surface
Planform break at n = 0.426 0.38000 0.04988 —0.05608
0.93000 0.01332 0.00195 .39000 .05014 —.05572
.94000 .01131 .00133 .40000 .05041 —.05535
.95000 .00921 .00042 .41000 .05068 —.05495
.96000 .00710 —.00079 .42000 .05091 —.05449
.97000 .00489 —.00220 .43000 .05108 —.05399
.98000 .00258 —.00392 .44000 .05125 —.05349
.99000 .00017 —.00593 .45000 .05142 —.05290
1.00000 —.00234 —.00813 .46000 .05155 -.05230
Wingtip at n = 1.000 .47000 .05162 —.05162
0.00000 —0.01350 —0.01350 .48000 .05168 —.05088
.00200 —.00506 —.02081 .49000 .05173 —.05009
.00500 —.00074 —.02531 .50000 .05176 —.04926
.01000 .00356 —.02946 .51000 .05179 —.04834
.02000 .00925 —.03467 .52000 05176 —.04741
.03000 .01327 —.03823 .53000 .05170 —.04639
.04000 .01640 —.04088 .54000 05164 —.04533
.05000 .01899 —.04295 .55000 .05156 —.04420
.06000 02127 —.04472 .56000 .05141 —.04295
.07000 .02332 —.04625 .57000 .05125 —.04163
.08000 .02518 —.04758 .58000 .05108 —.04020
.09000 .02690 —.04878 .59000 .05088 —.03874
.10000 .02845 —.04981 .60000 .05062 —.03721
.11000 .02989 —.05077 .61000 .05033 —.03564
.12000 .03128 —.05167 .62000 .05004 —.03401
13000 .03261 —.05247 .63000 .04974 —.03235
.14000 .03384 —.05317 .64000 .04935 —.03068
.15000 .03503 —.05383 .65000 .04895 —.02892
.16000 .03612 —.05440 .66000 .04846 —.02715
.17000 03715 —.05490 .67000 .04796 —.02529
.18000 .03814 —.05536 .68000 .04744 —.02342
.19000 .03904 —.05576 .69000 .04685 —.02156
.20000 .03993 —.05612 70000 04625 —-.01962
.21000 .04073 —.05648 71000 .04563 —.01768
.22000 .04162 —.05675 .72000 .04494 —.01574
.23000 .04232 —.05698 73000 .04421 —.01380
.24000 .04302 —.05715 .74000 .04342 —.01186
.25000 .04372 —.05731 75000 .04259 —.00992
.26000 .04438 —.05744 76000 .04170 —.00799
.27000 .04498 —.05751 77000 .04080 —.00605
.28000 .04558 —.05754 .78000 .03982 —.00421
.29000 .04614 —.05757 .79000 .03883 —.00240
.30000 .04664 —.05735 .80000 .03780 —.00062
31000 04711 —.05748 .81000 .03671 .00101
.32000 .04758 —.05738 .82000 .03559 .00255
.33000 .04804 —.05722 .83000 .03440 .00398
.34000 .04844 —.05705 .84000 .03321 .00532
.35000 .04881 —.05688 .85000 .03193 .00655
.36000 .04918 —.05662 .86000 .03063 .00765
.37000 .04955 —.05635 .87000 .02925 .00855
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Table 1. Concluded

z/c z/c

z/c Upper surface Lower surface z/c Upper surface
Wingtip at n = 1.000 0.94000 0.01856
0.88000 0.02786 0.00931 .95000 .01685
.89000 .02644 .00991 .96000 .01506
.90000 .02496 .01030 97000 01318
91000 .02344 .01050 .98000 .01120
92000 02186 .01046 .99000 .00905
.93000 02024 .01023 1.00000 .00680

Lower surface

0.00972
.00899
.00803
.00687
00541
.00366
.00164
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Table 2. Location of Accelerometers and Strain Gage Bridges

Instrument X, in. Y, in.
Accelerometer 1 19.17 22.78
Accelerometer 2 30.06 22.78
Accelerometer 3 38.85 61.52
Accelerometer 4 47.35 61.52
Accelerometer 5 49.25 82.00
Accelerometer 6 57.43 84.10
Accelerometer 7 54.19 91.72
Accelerometer 8 60.96 92.00
Accelerometer 9 61.95 107.00
Accelerometer 10 67.65 107.00
Strain gage bridge 1 19.76 23.36
Strain gage bridge 2 19.76 23.36
Strain gage bridge 3 28.31 19.54
Strain gage bridge 4 28.31 19.54




Table 3. Test Conditions

Tab point Mach number q, psf Re a, deg
Low dynamic pressure test conditions
43 0.85 69.4 1.33 x 1076 0.0
47 .90 75.7 1.38 0
51 .92 78.5 1.40 0
52 .94 81.1 141 0
53 .96 83.5 1.43 0
Medium dynamic pressure test conditions
123 0.80 123.6 2.43 x 10~ -2.0
124 .85 135.2 2.52 —-2.0
125 .88 142.3 2.56 —-2.0
126 .90 147.0 2.59 —-2.0
128 .92 151.4 2.62 —-2.0
130 .94 156.1 2.64 —2.0
132 .96 160.3 2.66 -2.0
240 .80 123.8 2.47 —-1.0
245 .85 136.3 2.55 -1.0
248 .88 144.5 2.60 -1.0
251 .90 148.5 2.61 —-1.0
254 .92 153.3 2.64 —1.0
257 .94 158.6 2.67 -1.0
260 .96 163.4 2.70 -1.0
91 .80 123.6 2.41 0
92 .85 135.3 2.49 0
94 .88 143.0 2.53 0
96 .90 148.0 2.55 0
98 .92 152.5 2.58 0
100 .94 157.0 2.60 0
101 .96 161.7 2.63 0
239 .80 122.6 2.46 1.0
243 .85 134.6 2.54 1.0
247 .88 142.2 2.58 1.0
250 .90 147.4 2.61 1.0
253 .92 153.1 2.64 1.0
256 .94 158.2 2.67 1.0
259 .96 162.9 2.70 1.0
105 .80 125.9 2.41 2.0
106 .85 137.9 2.50 2.0
107 .88 145.7 2.54 2.0
109 .90 150.7 2.57 2.0
111 .92 154.8 2.60 2.0
113 .94 159.7 2.62 2.0
114 .96 163.3 2.64 2.0
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Table 3. Concluded

Tab point Mach number q, psf Re a, deg
High dynamic pressure test conditions

303 0.85 290.0 5.27 x 1078 -1.0
304 .88 303.7 5.35 -1.0
310 .90 318.4 5.39 -1.0
311 .92 325.6 5.42 -1.0
195 .80 260.2 4.96 0
196 .85 283.4 5.11 0
197 .88 297.9 5.19 0
199 .90 308.6 5.25 0
202 .92 317.8 5.28 0
204 94 328.3 5.33 0
205 .96 336.7 5.37 0
302 .85 287.7 5.23 1.0
306 .88 301.6 5.31 1.0
307 .90 316.3 5.40 1.0




Table 4. Accelerometer Statistical Data for Low Dynamic Pressure Test Conditions

Tab q, a,
point M psf deg Accelerometer

43 0.85 69.4 0 9 '
10

47 .90 75.7 0 9
10

51 .92 78.4 0 9
10

52 .94 81.1 0 9
10

53 .96 83.4 0 9
10

Mean,
g unit

-0.045 |

.010
—.038
021
—.058
—.006
—.026
.026
—-.032
.013

Maximum,
g unit
4.839
4.327
5.708
6.787
8.236
8.181
6.735
7.033
3.496
3.425

Minimum,
g unit

| —4.483

—5.103
—6.932
—6.825
—7.169
—7.481
—7.248
—7.481
-3.614
—2.889

Standard
deviation,
g unit

1.537
1.480
2.194
2.256
2.322
2.445
2.526
2.622
1.214

.998

21




Table 5. Accelerometer Statistical Data for Medium Dynamic Pressure Test Conditions

Tab

point

123

124

125

126

128

130

132

240

245

248

251

254

257

260

91

92

94

96

98

100

101

239

243

247

250

.90

.92

.94

.96

.80

85

88

.90

.92

.94

.96

.80

.85

.88

.90

.92

.94

.96

.80

.85

.88

.90

q) a’
psf deg Accelerometer
1236 | -20 9 '
10
135.2 -2.0 9
10
142.3 -2.0 9
10
147.0 -2.0 9
10
151.4 -2.0 9
10
156.1 -2.0 9
10
160.3 -2.0 9
10
123.8 -1.0 9
10
136.3 -1.0 9
10
144.5 -1.0 9
10
148.5 -1.0 9
10
153.3 -1.0 9
10
158.6 —1.0 9
10
163.4 -1.0 9
10
123.6 0 9
10
135.3 0 9
10
143.0 0 9
10
148.0 0 9
10
152.5 0 9
10
157.0 0 9
10
161.7 0 9
10
122.6 1.0 9
10
134.6 1.0 9
10
142.2 1.0 9
10
147.4 1.0 9
10

Standard

Mean, |Maximum,| Minimum, deviation,
g unit g unit g unit g unit
1 -0.043 4.523 —5.036 1.534
.019 4.409 —4.939 1.479
—.045 4.918 —5.668 1.703
.019 4.491 —4.939 1.613
—.035 6.893 —-8.117 2.092
.019 6.623 —8.547 2.137
—.046 11.238 —11.988 3.746
.045 11.297 —11.581 4.058
—.003 11.791 -13.094 4.066
.094 11.543 —12.647 4.110
.007 12.031 —10.010 3.944
.064 11.876 —13.052 3.988
—-.030 6.577 —8.828 2.383
.049 6.623 —6.333 2.242
—.014 4.839 —5.826 1.748
—.031 5.475 —4.775 1.679
—.026 5.392 —5.115 1.922
—.038 6.459 —6.087 1.921
—.034 5.629 —6.774 1.966
—.059 6.459 —6.989 2.143
—.008 10.211 —-10.092 3.685
—.008 11.461 —11.417 3.954
—.064 14.556 —16.491 5.608
—.054 14.659 —16.665 6.015
—.009 8.239 —8.275 2.646
—.044 6.951 —-6.989 2.380
—.055 5.869 —5.668 1.968
—.056 8.017 -6.169 2.141
.020 5.076 —4.878 1.684
.048 4.819 —4.857 1.651
—.003 4.523 —5.352 1.697
.044 5.721 —5.267 1.822
—.025 6.340 —7.248 2.267
.064 6.623 —7.235 2.462
.033 8.868 —-8.117 2.788
.089 8.837 —8.137 3.026
.020 10.132 —10.961 3.721
.038 13.839 —12.319 4.137
—.008 10.843 -11.277 3.636
.042 12.527 -10.679 3.907
.008 7.209 —7.011 2.347
.089 6.869 —7.727 2.463
.007 5.155 —5.826 1.735
.049 5.475 —5.267 1.752
—.036 5.945 —-5.905 1.918
—.047 5.639 --6.907 1.965
—.019 7.130 —5.905 2.076
—-.035 6.295 -7.809 2.185
—.016 9.105 —8.986 3.413
119 11.051 —9.859 3.762

22




Table 5. Concluded

Tab

point M
253 0.92
256 94
259 .96
105 .80
106 .85
107 .88
109 .90
111 .92
113 .94
114 .96

psf

153.1

158.2

162.9

125.9

137.9

145.7

150.7

154.8

159.7

163.3

deg

1.0

1.0

1.0

2.0

2.0

2.0

2.0

2.0

2.0

2.0

Accelerometer

9
10
9
10
9
10
9
10
9
10
9
10
9
10
9
10
9
10
9
10

Mean, Maximum, | Minimum,
g unit g unit g unit
| —0.007 12.821 —14.358
—.012 13.757 —16.501
—.034 9.661 —9.302
—.060 11.707 —10.187
—.058 6.814 —5.747
—.035 5.311 —4.939
.018 4.760 —-6.221
.063 6.541 —5.595
.047 6.656 —5.589
.071 7.115 —6.497
.019 8.394 —10.171
.068 10.067 —-9.613
.019 10.448 -9.144
075 11.461 —11.417
.022 9.263 —9.539
.089 10.477 -9.449
.013 9.342 —9.460
.086 9.493 —10.433
.013 5.234 —4.641
.068 5.311

=518 |

deviation,
g unit
5.326
5.815
3.244
3.108
1.838
1.787
1.760
1.634
1.810
1.878
2.330
2.529
3.520
3.858
3.054
3.338
2.990
3.222
1.544
1.636
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Table 6. Accelerometer Statistical Data for High Dynamic Pressure Test Conditions

Standard
Tab q, a, Mean, |Maximum,} Minimum, | deviation,

point M psf deg Accelerometer g unit g unit g unit g unit

303 0.85 290.0 -1.0 9 —0.154 8.710 —10.487 2.837

10 —.098 11.707 —12.073 3.236

304 .88 303.7 —-1.0 9 —-.126 11.317 —11.751 3.920

10 —.072 13.019 —12.237 4.419

310 .90 318.4 -1.0 9 —.092 21.824 —19.177 6.099

10 —.046 21.793 —16.747 6.727

311 92 325.6 -1.0 9 —.089 32.015 —-32.133 11.343

10 —.065 33.765 —38.559 12.476

195 .80 260.2 0 9 —.067 7.683 —7.648 2.659

10 .038 8.427 —8.875 2.790

196 .85 283.4 0 9 —.0589 8.631 —8.512 2.790

10 .040 9.083 —-9.531 2.912

197 .88 297.9 0 9 —.064 12.344 —11.356 3.750

10 .035 12.199 —13.139 4.219

199 .90 308.6 0 9 —.053 17.716 —16.017 5.331

10 .027 16.053 —16.419 5.848

202 .92 317.8 0 9 —.082 15.662 —16.175 5.333

10 .005 17.693 —17.567 5.852

204 .94 328.3 0 9 —.085 10.448 —10.250 2.921

10 .005 10.559 —12.237 3.248

205 .96 336.7 0 9 —.080 7.051 —6.458 2.200

10 .019 7.607 —7.399 2.359

302 .85 287.7 1.0 9 —.125 9.579 —11.672 3.330

10 .050 12.035 —12.073 3.637

306 .88 301.6 1.0 9 —-.119 15.978 —13.331 4.631

10 ~.046 16.463 13.713 5.236

307 .90 316.3 1.0 9 —~.104 19.217 —20.678 6.961

| 10 .043 18.267 —20.929 7.598

Table 7. Strain Gage Bridge 4 Statistical Data for Low Dynamic Pressure Test Conditions

Standard

Tab q, a, Mean, Maximum, Minimum, deviation,
point M psf deg mV mV mV mV
43 0.85 69.4 0 5.528 5.830 5.195 0.117
47 .90 75.7 0 4.771 5.407 4.180 .208
51 .92 78.4 0 3.580 4.265 2.953 .247
52 94 81.1 0 2.201 2.827 1.515 .255
53 .96 83.4 0 1.200 1.388 1.050 .054
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Table 8. Strain Gage Bridge 4 Statistical Data for Medium Dynamic Pressure Test Conditions

Tab q, a, Mean,
point M psf deg mV

123 0.80 123.6 -2.0 3.041
124 .85 135.2 —-2.0 3.035
125 .88 142.3 -2.0 2.667
126 .90 147.0 -2.0 2.020
128 .92 1514 -2.0 .281
130 94 156.1 -2.0 —.577
132 .96 160.3 -2.0 —2.260
240 .80 123.8 —-1.0 5.342
245 .85 136.3 -1.0 5.927
248 .88 144.5 —-1.0 5.622
251 .90 148.5 -1.0 7.041
254 .92 153.3 -1.0 3.384
257 94 158.6 -1.0 1.375
260 .96 163.4 -1.0 —.089

91 .80 123.6 0 7.576

92 .85 135.3 0 8.501

94 .88 143.0 0 8.980

96 .90 148.0 0 8.064

98 .92 152.5 0 6.267
100 94 157.0 0 4.225
101 .96 161.7 0 2.386
239 .80 122.6 1.0 9.635
243 .85 134.6 1.0 11.774
247 .88 142.2 1.0 12.118
250 .90 1474 1.0 11.145
253 .92 153.1 1.0 8.743
256 9 158.2 1.0 5.736
259 .96 162.9 1.0 4.399
105 .80 125.9 2.0 12.173
106 .85 137.9 2.0 15.098
107 .88 145.7 2.0 14.823
109 .90 150.7 2.0 13.870
111 .92 154.8 2.0 11.943
113 .94 159.7 2.0 9.218
114 .96 163.3 2.0 7.439

Standard
Maximum, Minimum, deviation,

mV mV mV
3.207 2.869 0.063
3.292 2.742 .099
3.038 2.234 .135
2.700 1.304 .281
1.304 —.600 .357
119 —1.403 292
—1.869 -2.630 .156
5.534 5.153 .076
6.253 5.618 .109
6.126 5.153 .162
8.029 6.084 .356
4.688 2.065 .529
1.854 .838 179
.204 —.473 117
7.860 7.310 .086
8.875 8.241 106
9.425 8.537 170
8.706 7.480 .247
7.141 5.322 333
5.068 3.419 .335
2.953 1.896 .102
9.891 9.298 .091
12.048 11.498 112
12.513 11.752 157
12.048 10.314 321
10.018 7.395 483
6.337 5.153 224
4.645 4.138 .081
12.471 11.921 .098
15.432 14.797 110
15.432 14.205 .180
14.882 12.809 .363
12.682 11.075 283
9.801 8.368 .252
7.776 7.141 .109
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Table 9. Strain Gage Bridge 4 Statistical Data for High Dynamic Pressure Test Conditions

Tab q, a, Mean,

point M psf deg mV
303 0.85 290.0 -1.0 7.225
304 .88 303.7 ~1.0 6.394
310 .90 318.4 -1.0 4.237
311 92 325.6 -1.0 1.950
195 .80 260.2 0 12.000
196 .85 283.4 0 12.610
197 .88 297.9 0 11.938
199 .90 308.6 0 9.409
202 .92 317.8 0 6.381
204 .94 328.3 0 3.661
205 .96 336.7 0 2.606
302 85 287.7 1.0 17.444
306 88 301.6 1.0 17.143
307 .90 316.3 1.0 11.866

Maximum,
mV
7.564
7.183
5.491
4.645
12.344
12.979
12.767
10.694

7.649

4.265

2.911
18.012
18.097
13.402

Standard
Minimum, deviation,
mV mV

6.718 0.141
5.618 .263
2.784 497
—.938 1.143
11.583 117
12.175 127
11.033 .284
8.241 .451
5.322 .482
3.080 .223
2.234 .103
16.828 .176
15.813 .351
10.525 .573
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Table 10. Pressure Coefficient Statistical Data for Low Dynamic Pressure Test Conditions

(a) Tab point 43, M = 0.85, ¢ = 69.4 psf, a = 0°

ETA=707 -----CPUPPER----- ETA=.707. _  ----- CP LOWER - - - --
X/C MEAN MAX ~ MIN  SIGMA X/C 'MEAN MAX ~ MIN SIGMA
025 —578  —664 —.512  .020
087  —652  —.725 —.601  .022
148 —728  —818 —646  .021
209 —.692  —.744 —575 013 209 —.302 —.412  —.234 022
294 —664  —754  —.605 .019 294 —364 —476  -.282  .032
350 —.731  —.820 —-.670 .0I8 350 —.348  —.462 —.259  .029
407 —756  —.850  —.699  .020 407  —415 —601 —.304  .036
463  —798  —.934 —731  .015 463  —418  —536  —.314  .030
519  —800  —.889 —.740  .019 519  —.269 —.362 —.165 .03l
579  —88  —974 —798  .021 579 —.175  —.285  —.050  .024
659  —.865  —.962 —.762  .022 659 083 012 140 022
739 —757  —915 —.261  .084 739 264 143 322 016
819  —.161  —.361 —.057 .032 819 374 265 441 019
899  —.038  —.131 020 .024 899 463 367 515 012
.990 109 —.001 172 022 974 351 227 428 020
ETA=871 ----- CP UPPER - - - - - ETA=871 ----- CPLOWER - - - -
X/C "MEAN MAX  MIN = SIGMA X/C "MEAN MAX ~ MIN SIGMA
025 —518  —617 —.466  .013 025 —.145 —261 —.104 .021
084 —765  —.860 —.712  .014 084 —279 —411 —-.229 018
143 —751 -84 —.718 017 143 —349  —.423 —292 023
202 —745  —796 —.692  .027 202 -.321  —.398  —.260  .023
301  —.747  —.82 —.693  .016 301 —.331 —.487 —.247  .030
354  —766  —.822 —.693 017 354  —327 —413 —.237 028
407  —726  —.839  —.688  .023 407  —.335 —.432 252 .029
460 —779  —.879 —.708  .019 460  —.335  —.445  —.246  .027
513 —851  —.945 766  .022 513 —291 —.395 202 024
566  —.888  —1.002 —.715  .030 566  —.236 —.354 —.104  .032
680 —540  —.820 —.164  .131 680 053 —.019 103 .017
742 —229 —504 —.100 .061 742 146 047 206 .016
830 —.074  —.202 005 .021 830 372 281 426 .019
910 —.028  —.141 014  .033 910 416 333 462 .020
.990 148 047 201 .012 975 258 159 305 .013
ETA=.972  ----- CP UPPER - - - - - ETA=.972 ----- CPLOWER - - - - -
X/CT "MEAN MAX ~ MIN = SIGMA X/C "MEAN MAX ~ MIN SIGMA
025 —.766  —.843 —.695 .016 025 —278 —371 —.186  .026
092 —787  —871 —.744 013 092 —251 —38 —.186  .043
126  —.83  —900 -.776 .014 126 —.353  —475  —.250  .025
227  —842  —938 716  .024 227  —425 —543 —.340  .031
294 —780 .85 —.702 018 294  —375 —514  —263  .028
362 —.696  —.819 —.145  .086 362  —.260 —.431 —.124  .042
430  —.278  —.744  —120  .096 430 —.229 —396 —.137 .03l
497  —185  —297 —.071  .029 497  —201 —330 -.125  .027
565  —.208  —.360 —.136  .028 565  —.117 —.221  —.065 .020
632 —.225  —345 —.138  .028 632 032 —.056 124 023
700 —.217  —.303  —.148  .024 700 141 .080 227 022
767  —.170  —.251  —.080  .022 767 282 213 339 018
835  —.118  —.241 -.061  .020 835 361 267 421 022
902  —.034  —.127 023 018 902 360 267 421 023

990 .099 —.005 168 .026 973 213 .140 .264 .017
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Table 10. Continued
(b) Tab point 47, M =0.90, ¢ = 75.7 psf, a = 0°

ETA=707 =--=- CP UPPER-:--- ETA=707  ---<- CP LOWER. - - - -
X/C 'MEAN MAX  MIN SIGMA X/C 'MEAN MAX  MIN  SIGMA
025 —429 —515  —.376 017
087 —.533 —596 —.505 012
148 —623 —.705 —.570 017
209 —583  —.660 —.527 016 209 —.436 518 3718 017
294  —.606 —.691 —.577 014 294 -557  —.658  —.503 020
350 —.656 —.720 —.591  .017 350 —58 —.679 —.516  .022
407 689  —779  —617 017 407 —742  —-845 —619 024
463 —742  —.85%6 —.716 014 463 —709  —.809  —.333 096
519 —759 —.837  —.701 016 519 —311 —581 —.151 074
579 —.798  —.892  —.755 017 579  —.163 —.304 —.046  .033
659  —.822  —.905 —.744  .023 659 057 —.036  .129 019
739 —691 —.861 —.354  .080 739 224 131 272 018
819  —222 —447 —145 034 819 345 266 .04 018
899  -.124  —.236 —.051  .022 899 436 359 494 015
990 005 —.114 090  .023 974 202 231 346 016
ETA=871 = ---~- CP UPPER - - -- ETA=871 _  ----- CPLOWER - - - -
X/C ~MEAN MAX ~ MIN SIGMA X/C MEAN MAX  MIN SIGMA
025 —.350 —.427 280  .018 025 —266 —.359 —.167  .016
084 —607 —.698 —.563  .010 084 —423 519 376 016
143 —644 —.680  —.591 020 143 —468 531 —.435 017
202 —625 —.705  —.586  .017 202 —449 —530 —.388 016
301 —682 —.760 —.635 014 301 —508 —.593  -.373 022
354 —715 —.800 —.683  .012 354 —560 —.700 —.378 048
407  —664 —.768  —.630  .021 407 —525 —.654 —.325 .06l
460 —.705 —.783  —.648 015 460  —495 636 —.294 051
513 783  —.866 —.749 .08 513 —435 —.671 —.163  .080
566 —.828 —.918 —.786  .015 566 —.236 530 —.073 078
680 —.637 —.821  —.428 067 680 026 —.040  .094 021
742 349 —623  —.207 052 742 131 018 213 017
830 —.147 —.257 —.043 030 830 351 280 412 019
910  —.089 —.200 013  .043 910 389 305 447 018
990 058 —.051 138  .028 975 213 123 25T 022
ETA=972 ===~ CP UPPER.- - - -- ETA=972 ===~ CPLOWER--- - -
X/C "MEAN MAX ~ MIN SIGMA X/C "MEAN MAX ~ MIN  SIGMA
025  —571  —.659 —.523 019 025 —-388 -.509 —.315 025
092 —.620 —.705  —.542 022 092 —.348 —.469 —.262 021
126 —.695 —779  —.642 .04 126 —.459  —.527 -390 023
227 —.749 —837  —.701 012 227  —544  —637 —.474 020
204 781 —.876 —.736 013 204 639 747 540  .024
362 —.747 —.842 659 026 362 -.526 653 —.372 040
430 -.708 —.819 636 019 430 —471 —-670 —.008  .139
497 666 —.780 —.434 048 497  —079 —.306 026 053
565 —.332 —.694 —.034  .138 565 —.058 —.179  .059  .036
632 —.099 —.316 —.007 .033 632 057 —.051 137  .026
700 —.100 —.183 —.017  .033 700 167 095 230 022
767 —072  —.163 017 027 767 303 218 .333  .016
835 —.048 —.127 039  .022 835 362 268 409 016
902 020 —.070 090 .024 902 361 268 .09  .021

.990 118 .018 176 .022 973 232 151 .288 .013



Table 10. Continued
(¢) Tab point 51, M = 0.92, ¢ = 78.5 psf, a = 0°

ETA=707_ ----- CP UPPER----- ETA=707  =---- CPLOWER-----
X/C "MEAN MAX =~ MIN SIGMA X/C 'MEAN MAX =~ MIN SIGMA
025 —.38¢ —475 —.340 021
087 -.507 575 —.465 012
148 —596 —.658 —.572 021
209 563 —.637 —.508 015 209  —.449 522 —410 015
294  —592  —667 —557 016 294  —562 —.657 —.528  .019
350 —.635 —.703 —570 017 350 —612 —.678 —.566 .016
407 —674 —774 596 016 407  —771  -859 —.728 015
463 —723  —826 —.691  .019 463 —.860 —.933 —.802 .0l4
519  —750 —830 —.699 015 519 -85 —.932 —779 020
579 —783 —.883 —.728 016 579 —617 —.792 —335 065
659 —816 —.896 —.762 018 659 —.118 —261 011  .040
739 —712  —853  —.409  .069 739 127 —.009 217 .01
819  —.253  —.499 —.162  .058 819 276 145 346 026
.899 —.143 —.228 —.071 .025 .899 .382 .282 - .433 .026
990 —.031 —.154  .065  .029 974 266 179 334 021
ETA=871 - CP UPPER - - - - - ETA=87L ----- CPLOWER.- - --
X/C "MEAN MAX ~ MIN SIGMA X/C "MEAN MAX ~ MIN  SIGMA
025 —312 -390 —.25 017 025 —296 —.369 —.254 015
084  —561 —.630 —.499 018 084  —.443  —547  —.409 015
143 —591  —656 —.527  .020 143 —537  —605 —.489  .016
202 594 —681 —543 019 202  -511  —.603 —.398  .021
301  —.657 734 —613 014 301 —528 —.620 —.478 014
354 698 —.795 —.682 012 354 —.603 —.676 —.543  .018
407 —661 —764 —.631 023 407 —-639 —722 —.58  .016
460  —.704 —799 —626 015 460 —.727  —812  —614 017
513 —.766 —.836 —.723 012 513 —656 —.776 —.563 026
566  —.807 —.886 —.750  .017 566 —571  —.754  —.357 053
680 —554 —770 —.346 .07 680 —.133 —.208 026  .063
742 —318  —557 200  .041 742 061 —170 135 .04l
830 —.178 —.248 087  .022 830 305 206 355 017
910 —.148 —.239 —.010 .024 910 325 .249 .386 .022
990 —.009 —.094 065 .03l 975 159 076 227 022
ETA=972 =--=- CP UPPER-- - - - ETA=972  ----- CPLOWER-----
X/C "MEAN MAX =~ MIN SIGMA X/C "MEAN MAX ~ MIN SIGMA
025 —510 —593 —.461 016 025 —.428 -.537 —.351 028
092  —567 —.636 —523 019 092  —.366 —.475 —.320 019
126 —.659 —730 —.620 014 126 —.483 —.553  —.420 019
227  -716 786 —.677 013 227 -579  —659 —.525 017
294  —755 —.823 —T711 013 294 —681 766 —632 020
362 —.763 —.834 724 012 362 —.650 —.766 —.540  .022
430 —.745 —856 —.680  .033 430 —609 —715 —532 019
497 —690 —.798 —642 014 497 —510 —.653 -.043  .069
565 618 —.757 —.296  .074 565  —.171  —.334 057 072
632 —256 —.581 —.030 .084 632 025 —.163  .155  .057
700 —.069 —.222 030  .040 700 144 005 222 .039
767 —.020 —.114 059 022 767 254 122 322 029
835 005 —.099  .061 .026 835 299 146 372 028
902 056 —.046 .13 023 902 316 213 395 025

.990 113 —.004 192 .025 973 .223 102 299 017



Table 10. Continued
(d) Tab point 52, M = 0.94, ¢ = 81.1 psf, a = 0°

ETA=7Q7 ==~ CP UPPER - - --- ETA=707  =---- CPLOWER - - --
X/C 'MEAN MAX  MIN SIGMA X/C 'MEAN MAX  MIN SIGMA
025 —.363 —.460 —.308  .018
087 —481 —.536 —.429  .015
148 —573 —637 553 021
209 —.554 —.637 —.492 011 209 —.414 —484 —.375 015
204 578 —.646 —.539 017 204 —523 —615 —.490 .018
350 —.623 —.681 —.595 015 350 —578 —.656 —.547 014
407 656 —.728 —.620 .0l4 407  -.746 —.832 —.705 013
463 —700 —.800 —.669  .018 463 80 -.903 —.776 013
519 —724  -782 676 013 519 -84 —.903 -.797 015
579  —.760 —.855 —.705  .014 579 —.890 —.987 —.807  .023
659 —.804 —.888  —.760  .015 659 —.388 —.538 —.275  .039
739 —.749  —.848  —525 026 739 —.260 —.359 —.184  .024
819 —.385 —.527 —.179  .043 819 —.143 —247 —.031  .032
899 —.185  —.285  —.001  .030 899 051 —.043  .167  .031
990 —.072 —.192 -.001  .025 974 132 023 237 028
ETA=871  ----- CP UPPER - ---- 871 oo CPLOWER - - - -
X/C "MEAN MAX ~ MIN SIGMA Blé=%kan  MAX ™Y WIN SIGMA
025 —.303 —.377 —.210 017 025 —.251 —-.335 —.201 015
084 —541 —610 —.483 017 084 —410 —.48 —.352 .0l4
143 -575 —.635 —.531  .020 143 500 —.585 —.451 011
202 —580 —.659 —.503 017 202 —509 —584  —.d451 016
301 —.647 —710 —.593  .0l4 301 -508 —.600 —.463 .01l
354 682 —.770 —.660 .01l 354 —.586 —.654 —547 017
407 653 —.739 —.610 016 407 625 —.699 —.567 .05
460 691 —773  —.648 011 460 -712 78  —.680  .015
513 —.755 —.831  —.700  .017 513 —.789 -84 —.751 011
566 —.793 —.878 —.735 020 566 —.842 944 —.730  .031
680 —.518 —724 —.357  .059 680 —.523 —.687 —.394  .037
742 —.325  —.496 —.259 036 742 —399  —506 —.301 028
830 -209 —.306 —.151  .020 830 162 —.089 261  .048
910 -.189 —.254 —121 019 910 230  .109  .308  .024
990 —.055 —.157 .41 018 975 108 052 157 018
ETA=972_  =--<- CP UPPER -- - - - ETA=.972 ---=- CPLOWER. - - --
X/C ~MEAN MAX  MIN SIGMA X/C MEAN MAX  MIN SIGMA
025 —491 —574 —.447 015 025 —.381 —-475 =317 023
092 550 —.615 —.507 018 092 —.339 —417 —.288 016
126 —634 —.707 —.600 015 126 —458 —.535  —.407 016
227 —692 —.761 —.655 013 227 558 —.638 —.508  .013
204 736 —.819 —.688 012 294 —673 -741 —612 018
362 -.744 —.808 —.701  .009 362 —666 —.764 —.632 014
430 -739 -850 —.680  .034 430 -654 —.781 —.582 .03l
497 —687 —.794 —.643 021 497  —608 —.720 —.501  .024
565 —.657 —.754 —.478 043 565 —.438 —.613 234 056
632 —.397 —.651 —.207 070 632 —269 —.422 —.092 043
700 —.192  —.326 —.038 .04 700 —-170 —.352 005 050
767 —095 —.215 015  .043 767  -.062 —203 075 .04
835 —.041 —.163 059  .034 835 017 —.144 229  .055
902 020 —.109 149 033 902 100 -.035 272 .04
990 078 —.088 .18  .040 973 150 035 260  .036
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Table 10. Concluded
(e) Tab point 53, M = 0.96, ¢ = 83.5 psf, a = 0°

(17 (T —— CP UPPER - - - - - ETA=707  ----- CPLOWER - - - - -
X/C MEAN MAX  MIN SIGMA X/C 'MEAN MAX  MIN SIGMA
025  —341  —.404 -.299 012
087 —459 —.540 —.396  .015
148 —-539  —619 —517  .009
209 —.538 —.598 —.478  .010 209 —.380 —.448 —.321 012
294  —553  —.627 —.523  .0l4 294  —497 —577  —.456  .008
350 —.596 —.661 —.557 014 350 —.541 —.616 —.510 .013
407 —.633 —.706 —.602 .014 407 —.698 —.787 —.643  .015
463 —674 —777  —650 012 463  —.714 —.836 —.733  .015
519 —694 —.759  —.656  .013 519 —.797 —.876 —.753  .018
579 —.731 -89 —.684 .013 579 —.892 —.958 —.841  .014
659  —.792  —.82 —.737  .014 659 —918 —.969 —.863  .013
739 —.763 —.844 —.697 014 739 —619 —.751 —.518  .036
819 —.636 —.743 —.342 053 819 —.344 —.407 —.281  .013
899 —.325 —.445 —.256 034 899 —210 -.286 —.164  .016
990 —.199 -.310 —.104 .026 974 —.067 —.165 001 .019
S 7¢ W———— CP UPPER - - - - - ETA=871  ----- CPLOWER - - - - -
X/C MEAN MAX  MIN SIGMA X/C "MEAN MAX  MIN SIGMA
025 —.295 —.366 —.262  .015 025 —.206 —.282 —.152  .017
084 —522 —592 —.469  .015 084 —.363 —.428 -.320 .016
143  —550 —.617 —.515 015 143  —451 —525 —.416  .013
202 —.556 —.640 —.510  .018 202 —.461 —.524 —417 011
301 —.627 —.689 —.595  .012 301 —.463 —.538 —.427  .016
354 —662 —.726 —.640  .008 354 —548 —.614 —.510 .011
407 —633 —.T18 -.593  .0l4 407 —.587 —.657 —.551  .014
460 —671 —751  —.629  .009 460 —677 —.743  —.639  .010
513 —.738 —.806 —.700  .017 513 —.739 —.809 -—.709  .014
566 ~—.809 —.872 —.753  .012 566 —.825 —.896 —.771  .015
680 —.782 —.870 —.661  .017 680 —.923 —.992 —.890  .013
742 —632 —775  —.419 060 742 —918 —.998 —.866 .013
830 —.301 —.405 -.233  .039 830 —460 —.546 —.426 015
910 —.288 —.375 —.225  .019 910 —.171  —.259 —.109  .023
990 —.161 —.238 —.110 .024 975  —.057 —.112 —.010 .013
ETA=972  ---=- CP UPPER - - - - - ETA=972 ----- CPLOWER- - - --
X/C "MEAN MAX  MIN SIGMA X/C "MEAN MAX  MIN SIGMA
025 —.475 —.557 —.434 011 025 —.324 —.396 —.286  .017
092 —539 —.618 —.492 015 092 —298 —.384 238 017
126  —614 —.68 —582  .014 126 —.415 —.478 —374 015
227 —667 —.T18 —.636 013 227  -.523 —578 —.472 013
204  —717 —.795 —668  .013 294  —632 —.699 —.594 015
362 —.724 —.805 —.680  .009 362 —628 —.699 —.571 014
430 —733 —.825 —660 .023 430 —.721 -81 —.672 014
497  —682 —.749  —645 022 497  —776  —.848 —.614 021
565 —.687 —.753  —.588  .020 565 —.788  —.897  —.638  .040
632 —532 —.675 —.373  .049 632 —.765 -89 —.538 .04l
700  —.360 —.511 —.231 .045 700 —.648 —.810 —.443 064
767  —.265 —.371 —.148  .040 767  —.473  —614 —.343 043
835 —.210 -.287 —.115  .026 835 —.353 —.438 —.225  .029
902 —.153 —.230 —.043  .031 902 —218 —.311 —.140 .028

990 —.102 —.249 .017 .036 973 —.076 —.234 .034 039
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Table 11. Pressure Coefficient Statistical Data for Medium Dynamic Pressure Test Conditions

ETA=.707
X/C ~ MEAN

025
.087
148
.209
294
.350
407
463
519
579
.659
739
.819
.899
.990

ETA=.871
X/C ~MEAN

025 —.099
084  —.305
143 —.301
202 —.318
301 —.317
354 —.334
407 -.368
460  —.398
513 —.399
566 —.423
680  —.347
742 =207
830  —.166
910  —.087
990 148

ETA=972

X/C “MEAN
025  —.305
002 —.367
126 —.d417
227 —.342
294  —.286
362 —.201
430 —.286
497 —.224
565  —.221
632 —.220
700 —.195
767 —.148
835  —.071
902 —.029
990 110

—.154
—.387
—.410
—.301
—.367
—.386
—.438
—.443
—.409
—.430
—.341
—.356
—.249
—.108

144

(a) Tab point 123, Al = 0.80, ¢ = 123.6 psf, a = —2°

----- CP UPPER - - - - -
MAX ~ MIN  SIGMA
—214  —.099  .017
—461 -.203 017
—483 —.318  .022
~364 —.228 018
—452 —.228 036
—461  —.278  .031
563  —.293 037
568  —.325  .037
— 541 085 045
—570  —.303  .039
—442 —118 029
—452  —.255  .030
-317 —.189  .019
—.187  —.060  .016
081 178 014
----- CP UPPER -- - - -
IAX ~ MIN  SIGMA
~151  —.052 .013
361  -.264  .007
~350 —.255  .015
377 —.275 016
380 —.236 .023
—424  —222 030
488  —.149  .026
—494  —274 029
—505  —.160  .037
—~.538  —.309 .034
~435  —109  .024
—-.368 —.226  .021
—.233 -.102 .018
—.143 —.041 014
084 185 013
----- CP UPPER - - - - -
MAX ~ MIN  SIGMA
376 —.238  .021
—412 —298 020
—494 -312 .02
—423 -242 .02
~.357  —171  .023
—~.380 —.198  .023
364 —.106  .024
~.243 -.158  .016
~.304 —.137 024
—273  —.098  .020
—258  —.112  .021
~200 —.076 .019
—~139 —.008 .016
~.093 020 016
037 161 .016

ETA=.707
X/C  MEAN

.209
.294
.350
407
463
.519
.579
.659
739
.819
.899
974

ETA=.871
X/C "MEAN

.025 —.726
.084 ~.596
143 —.560
202 —.540
301 —.441
.354 -.410
407 —.396
460 —.393
513 —.311
.566 —.218
.680 .026
742 122
830 301
910 345
975 265
ETA=.972

X/C MEAN
.025 —.850
.092 —.465
.126 —.446
227 —.391
294 -.317
362 —.248
430 —.262
497 —.217
.965 —.128
632 —.001
700 134
767 248
.835 201
902 309
973 221

—.456
—.468
—.482
—.504
—.472
-.332
—.206
.018
.166
256
335
305

MAX

—.546
—.555
—.585
—.615
—.577
—.410
—.279
—.036
112
194
.280
.243

MAX
—.822
—.656
—.619
—.603
—.532
—.502
—.016
—.490
—.386
—.299
—.027

.056

.226

.286

220

MAX
—.933
—.562
—.581
—.455
—.378
—.334
—.356
—.277
—.230
—.069
.084
185
245
.257
.160

PLOWER .- ---
MIN  SIGMA
-.332 034
~.337 034
—371  .032
~.365  .032
-.368  .028
—.243 025
—134 020

064 016
227 013
293 013
376 015
355 014

CPLOWER - - - - -
MIN ~ SIGMA
—646 019
—554 014
~516  .017
—.038 023
~.337 032
—.201  .031
300  .029

069  .028
—.088  .026
~131 021

276 .016

175 015

347 011

402 014

302 .010

CPLOWER - -- - -
MIN  SIGMA
—771 026
337 .036
—.300 .039
—-341 017
—.252 019
~176 024
182 022
—.148 019
069 019

061 017

180  .015

208 012

346 .014

358 015

272 015



Table 11. Continued

(b) Tab point 124, M = 0.85, ¢ = 135.2 psf, o = —2°

ETA=707  =--=- CP UPPER.----- ETA=707 ----- CPLOWER . ----
X/C "MEAN MAX  MIN SIGMA X/C MEAN MAX = MIN SIGMA
025 —.119 -.160 —.078  .013
087 —.391 —.446 357  .0l4
148 —444  —491 -301 014
209 —.318  —.369 —.270 016 209 —.669 —773  —.320  .066
294 —.409  —.480  —.336  .020 294 —431 756  —.234  .088
350 —.436 —.498 —.357 019 350 —.518 —.756  —.274  .056
407 —504  —579 333 021 407 —601 —790 372 071
463 —551  —.610 —.349 023 463  —.517  —755  —.337 059
519 —562 —.647 —.278 049 519 —.344 —476  —.235  .036
579 554 —765 —.213 107 579 —202 —291 —.098  .026
659 354 —674 —.172  .069 659 030 -.033 .08 .018
739 —371  —646 —.181 .06l 739 175 115 233 016
819  —.249  -355 —.146  .032 819 266  .138 319 017
899  —.091 —.158 -.015 .019 899 353 203 407  .015
990 154 086 201  .0l4 974 323 260 389 016
ETA=871 <---- CP UPPER.----- ETA=871  ----- CPLOWER. - - -
X/C "MEAN MAX ~ MIN SIGMA X/C "MEAN MAX ~ MIN SIGMA
025 —.064 112 -.022 .0l4 025 —761 —.818 711 013
084 —310 -.368 —.279 013 084  —756 —.839 —.679  .023
143 -314 358  -.258 017 143 —708 —.780  —.646  .025
202 -.344  —411  —304 015 202 —612  —750 —.498  .042
301 —.347  —d461  —.227 030 301 —.533  —746 —.322 .79
354 —.368  —.467  —.203  .032 354 —.443  —720  —.240  .066
407 —412  —d484  —252 029 407 —.453  —.669  —.261  .055
460  —504  —.602  —.275  .050 460  —436  —.653 —.269  .038
513 —.503 —.737  —.212  .105 513 —.320 —.489  —.192 043
566 —.471  —.773 197 095 566 —.214  —.209 107 027
680  —.360 -.540 —.216  .054 680 039 012  .089 016
742 —296  —.427  —.194 035 742 132 078 174 014
830  —.154 —.226 —.093  .022 830 294 231 342 015
910 —.063 —.131 —.011 .014 910 344 .288 394 .016
990 154 103 196 013 975 272 226 314 013
ETA=972  <---- CP UPPER- - - - ETA=972 ----- CPLOWER - - - -
X/C "MEAN MAX ~ MIN SIGMA X/C "MEAN MAX ~ MIN  SIGMA
025  —-278  —344  —.204 020 025 839 -804 799  .0l4
092 -370  —441  —208 013 092 714  —.847 —.308  .096
126 —.496  —.566 —.375  .026 126 —557  —.774 364  .084
227 -458  —615  —.297 056 227 —479  —637 —.364  .039
294 -330 —-535 —.156 .06 294 —328  —488 —.217  .035
362 -315 —.476 -.155 .05l 362 —.257 384 108 .04l
430  -311 —48  —.179  .046 430  -277  -378  -.166  .034
497 —231  —364 170  .029 497 —226 306 —.122 027
565 —.232 367 —.087  .037 565 —.127  —.196  —.050  .022
632 —225 -.320 143 .027 632 008 050  .082 .018
700 -.195 —.302 —.103  .026 700 146 089 215 015
767  —.142  —.208 —.070  .023 767 255 208 298 013
835  —.063 —.127 006 017 835 297 237 356 017
902  —.015 —.085 044 .08 902 319 .26l 366 012

990 .126 .046 185 .018 973 226 184 .286 .015



Table 11. Continued
(c) Tab point 125, M = 0.88, ¢ = 142.3 psf, o = —-2°

ETA=707  ---- CP UPPER - - - - ETA=707 - 'ER - ----
X/C 'MEAN MAX  MIN SIGMA X/C 'MEAN MAX  MIN SIGMA
025 —.110 —.161 —.074 011
087 393 448 -352 010
148 —423 467  -371 010
209 -33 ~.375 —.304 010 209 —.739  —.785  —.698 011
204 428 489 -368 016 294 -84  —.860 —.766  .013
350  —.441  —.486  -.388 012 350 -.852  -.916 —.768 016
407 —.505  —.562 —.452 015 407  —-.943  -1.004 -.353  .030
463  —.536  —.605 —.481 016 463 —.519  —1.079 -.175 210
519 —545 —.603 —.494 017 519  —.216  -.380 -.103  .036
579 —671 —.740 —617 014 579 —.128  —.242  -.025 031
659 —673 —.727  —.396 027 659 .06  —.019  .106  .018
739 -.392  -.83d4 —.123 142 739189 110 234 017
819 —.181 -350 —.077 038 819 297 254 352 .0l4
899  —.05%6 —.138  .022 023 899 401 339 446 013
990 155 094  .191 013 974 354 296 .394 017
ETA=871 === CP UPPER .- - - - ETA=871  ----_ CP LOWER - - - - -
X/C "MEAN MAX ~ MIN SIGMA X/C "MEAN MAX  MIN SIGMA
025 —.041 —.095  .004  .009 025  —.726  —.777  —.688 011
084 —304 —.349 -.265 .008 084 -85  -.873 —.798  .010
143 -312  -.364 —.260 011 143 -85  —.868 —.792 011
202 —.348 -391  -315 010 202 -804  —.851 —.763 012
301 -398 —.482 -.338 024 301 —.789  —.840 -.592 019
354  —424 —481 -.306 021 354 —815  -.950 —.179  .139
407 -394  —.460 —.338 020 407 —398  —.911  —.136 179
460  —.492  —.536  —.d441 012 460  —.307  —.720 134 072
513 —.636 —.688 —.563 013 513  —.268  —.571 —.100  .062
566 ~—.738  —.805 —.339 033 566 —.172  -.321 —.053 035
680 —.367 —.759  —.119 130 680  .066 001 120 017
742 —.240 —516  —.098  .057 742160 088 217 016
830 —.125 —.227 —.051 .02 830 345 290 396 .014
910  —.040 —.099 015  .019 910 378 324 425 013
990 165 111 211 014 975 .295 239 334 012
ETA=.972  =--<- CP UPPER ----- ETA=972 - CP LOWER - - - --
X/C "MEAN MAX ~ MIN SIGMA X/C "MEAN MAX MIN SIGMA
025 —.244  —303 —.194 017 025 —781 —.823 746 012
092  —342  -395 -.308 010 092 —.809  —.866 —.756  .019
126 —.481  —.526 —.453 011 126 —.816  —.895 —.748  .020
227 557  —.608 —512 012 227  —.812 878 705 023
294 —.59%  —.670 —.409 038 294  -.582 —.831  —.059  .161
362 —.539 647 —.148 077 362 —.070  —.402 047  .060
430 -.362  —.660 —.097 141 430 —.179  —.384 006  .056
497 —.190  —.4d4  —.088 042 497 -84  —.303 —.078 .03
565  —.195  —.385  —.046  .048 565  —.109  —.187  —.022  .026
632  —.207 338 —.072 .035 632 021  —.047 091 019
700 —.181  —.274  —.059  .032 700 154 109 216 014
767  -.130 —.198 —.043 024 767 286 234 332 013
835  —.051 —.120  .006 .018 835 348 288 413 014
902  -.010 —.068  .054 .018 902 362 311 398 021

990 121 .032 .200 018 973 233 175 272 .015



Table 11. Continued

(d) Tab point 126, M = 0.90, g = 147.0 psf, a = —2°

ETA=707  ---- CP UPPER.- - - - ETA=707  ----- CP LOWER - - - - -
X/C 'MEAN MAX MIN SIGMA X/C  'MEAN MAX MIN SIGMA
025 —112 167 —.072 013 '
087 —.384 —.446 —.352 .09
148 —427 475 -394 013
209 345 385 —.306 012 200 712 —759  —675  .010
294 —.463  —407 —.426 012 294  —.800 844 764  .012
350 469 517  —.423 012 350  —.841  —.887 —.803  .010
407 —525  —.568 —.485 012 407 —956 —1.007 —.925 .01l
463  —.568 —.622 —.525 .01l 463 -1.027 —1.079 —.671  .024
519 —.579 —.630 —.525 014 519  —324  —508 —.216  .035
579 —.661 —.716 —.621 013 579 —223 —334 —.112 034
659  —.677 727 —.632 013 659  —.106  —.260  .030  .042
739 —.726 —.831 —.166 .118 739 053  —111 154  .040
819 —.176 —-.338 —.063 .037 819 206 008 305 039
899  —.026 —.122  .034 .02 899 343 165 444 040
990 137 068  .185  .016 974 331 216 405 .029
ETA=871 ---=- CP UPPER - -- - - ETA=871  ---—_ CP LOWER - - - - -
X/C "MEAN MAX  MIN SIGMA X/C" "MEAN MAX MIN SIGMA
025 —.044 —091 —.008 .01 025  —668  —.715 —.629 010
084 —316 —-.373 —.202 012 084  —781  —.833 —.747 010
143 -.300 352 272 .010 143 —795 -840 766  .010
202 —.355  —.403  —.320 010 202 —.790  —.848 —.750 012
301 —.487 542 435 014 301 779  —.838 749  .013
354 —.460 —.538 —.393 020 354 —.909  —.955 —.848  .015
407 —.463  —528  —.398  .017 407  -872 -.930 —.821  .015
460  —.476  —519  —.426 015 460  —.906 —1.000 —.248  .098
513 —.602 —.653 —.207  .015 513 —321  —.689 —.108  .067
566 —.725  —.779  —.666  .015 566  —.150  —.346 —.028  .049
680 —.708 —.794  —.187  .069 680 080  —.046  .139 021
742 —455 —821 095 .173 742 171 097 223 018
830 —.094 —.196 000 .029 830 356 292 405 013
910 —.001 —.084  .063 .02 910 394 338 435 014
990 158 059 216  .019 975 299 231 346 013
ETA=972  ----- CP UPPER - - - -- ETA=972 ---__ CPLOWER - - - --
X/C "MEAN MAX ~ MIN SIGMA X/C "MEAN  MAX MIN SIGMA
025 —.247 —.305 —.188  .018 025  —733  —784  —.697 013
092 —.330 —.346 —.286 011 092  —770  —.826 —.708 .018
126 —.465 —.509 —.415 .01l 126 791 -854 —724 020
227  —539 —589 —507 .01l 227  —823  —874 778 014
294  —.620 672 —576 010 294  —863  —.934 —.745 034
362 —.634 —.685 —.567 023 362  —709  —.885 —.039 .142
430 —.651 —730 —.259 027 430  —.132  —.664 055  .105
497 —566 —.727 —.133 121 497  —031  —.160 069  .036
565 180 —.713 037 128 565  —.022  —.119 077  .033
632 —105 —.266  .016 .04 632 063  —.009  .149  .023
700 —.114  —241 004 .04 700 175 117 244 017
767 —.091 —.180  .005  .028 767 300 250 345 015
835  —.022 —.092  .054 .022 835 354 303 412 015
902 006 —.054  .064 .020 902 370 289 398 .020
990 126 077 205  .019 973 241 193 287 015

35
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ETA=.707
X/C ' MEAN
025 —.137
087  —.376
148 —.456
209 —.358
204 — 467
350  —.491
407 —.571
463 —.589
519 —.586
579 —.659
659 —.702
739 —.819
819 —.274
899  —.171
990  —.011
=871
X/C MEAN
025 —.075
084  —.341
143 —.332
202 —.331
301 —.485
354 —.528
407 —.542
460  —.555
513 —.6l1
566  —.762
680  —.750
742 —.764
830  —.180
910  —.098
990 067
ETA=.972
X/C ~“MEAN
025 —.280
002 —.333
126 —.451
227 —.529
294 —.608
362 —.680
430 718
497 —.748
565 —.782
632 —.261
700 —.097
767 —.018
835 033
902 048
990 132

Table 11. Continued

(e) Tab point 128, M = 0.92, ¢ = 151.4 psf, & = -2°

----- CP UPPER-- ---
X ~ MIN SIGMA
—.186 —.093 .013
~410 342 .009
—495  —.428  .009
—.408 -.319  .010
~506 —.437  .009
537  —456  .009
—621  —.540 011
— 627 —545 014
—635 —.555 011
—707 —626 010
~741  —.660  .009
~865 —.681 .01l
~375 —212 .022
234 —.083  .020
~.139 089  .034
----- CP UPPER - - ---
MAX ~ MIN SIGMA
~123  —.031 013
-.385 —.306  .008
—.387  -.264 .016
—367 —.296  .009
537  —464 011
~570 —.488 011
605 —.490 .01l
~594  —.493 015
—658 -.576 012
—801 —.724 012
~795 —.714 011
855 —.451 054
~261  —.005  .020
—.188 014 .029
—.049 151 .031
----- CP UPPER - ----
X~ MIN  SIGMA
~341  —-.217 019
~394 —-.289 .01l
495 —415 011
—~572  —504  .009
—641  -560 .010
734  —643 015
—766 —.663  .014
799  —.695 .05
~829 —658  .018
-639 —.080 .071
~.199 015 .037
~.130 061 .026
—.042 088  .019
—.018 108 .019
041 199 .024

ETA=.707
X/C 'MEAN
209  —.656
294 —.747
350  —.809
407 —.927
463 —.992
519 —.630
579 —.362
659  —.362
739 —.351
819  —.244
899  —.007
974 181
ETA=.871
X/C "MEAN
025  —.576
084  —.689
143 —.720
202 —.728
301 —.726
354  —.863
407 —.843
460  —.919
513 —.955
566 —.512
680  —.331
742 —.222
830 179
910 381
975 270

ETA=.972
X/C "MEAN

.025
.092
126
227
294
362
430
497
.565
632
.700
767
.835
.902
973

—.653
—.684
—.709
—.769
—.866
—.821
-.792
—.335
—.145
—.030
.076
167
215
.249
.202

----- CP LOWER
MAX MIN
—.703  —.621
—.787  —.720
-850 —.780
—967 —.899

~1.037  —.958

-1.003  —.300
— 475 —.260
—~453  —.265
459  —.108
— 418 031
—.199 251
—.009 359

----- P LOWE
MAX MIN
- 623 —.539
726  —.655
—768  —.685
~753  —.705
—765  —.704
—~.893  —.836
—.802  —.810
-.960 —.891

-1.001  —.924

-1.023  —.347
—437 —.224
~.356  —.039
—.003 339

281 458
213 314

----- CPL
siax LS
—690  —.617
~745  —.619
—761  —.658
—-814 —.744
—-.908 —.839
—~883  —.766
- 870 —.562
—543  —.167
—.307 039
~.221 133
—.089 215

036 289
.036 353
.092 374
.085 301

SIGMA

.009
007
.009
.010
.009
153
.029
.025
034
.059
.069
.057

SIGMA
.012
.011
.009
.009
.009
.009
.009
.009
.009
113
037
.046
.049
.022
.018

SIGMA
.011
018
.016
.011
.009
.024
.039
.056
.053
.051
047
.039
.047
037
031



ETA=.707
X/C 'MEAN
025 —.144
087  —.369
148 —.437
209 —.350
204 —.447
350  —.474
407 —.553
463 —.586
519 —.584
579 —.650
659  —.681
739 —.798
819 —.299
899 —.240
990  —.142
ETA=871
X/C ~MEAN
025  —.086
084 —.335
143 —.336
202 —.325
301 —.488
354 —.513
407 —.530
460 —.555
513 —.601
566 —.749
680  —.740
742 —.754
830  —.207
910  —.159
990  —.033
ETA=972
X/C “MEAN
025  —.287
092 —.328
126 —.445
227 —.504
294 —.586
362 —.663
430 —.704
497 —.738
565  —.782
632 —.345
700 —.190
767 —.124
835  —.053
902  —.013
990 072

Table 11. Continued

(f) Tab point 130, M = 0.94, ¢ = 156.1 psf, a = —2°

----- CP UPPER - - - - -
X MIN SIGMA
-192  —101 .013
—~420 —.343 011
—-469 —.404 008
—-395 —.331 008
—479  —424 008
—509 —.443 .09
—591 —535  .009
—~631  —551 011
—616 —549  .008
—-696 —.618  .009
718  —.662  .008
-839  —.727 009
—-386 —.240 022
-294 —171 015
—~245  —046  .027
----- CP UPPER - - - - -
X~ MIN SIGMA
—.142 082 012
—373  —.318 008
386 —.209 010
~-368 —.208  .010
~541  —.440  .016
553 —.484  .007
—576  —.498  .008
608 —.521 012
—627 —570 011
-776 —712 008
—771 =703 .009
—840  —.549  .040
—-276 —.161  .015
-205 —.113  .015
—.116 044 021
----- CP UPPER -- - - -
MAX ~ MIN SIGMA
—342 —.199 017
382  —.202 012
—491  —.402 015
543 —477 008
—~633  —.565  .008
—723 —634 010
754  —.676  .010
—775 =707 011
—-815 —572 013
—608 —.158  .068
-285 —.112  .022
234  —.028 .029
—.144 051  .029
—.129 105 031
—.102 193 .034

ETA=.707

X/C 'MEAN
209 —.607
204 —.709
350  —.761
407 —.876
463 —.945
519 —.957
579 —.4d1
659  —.399
739 —.398
819  —.385
899  —.248
974  —.053
ETA=.871

X/C "MEAN
025 —515
084  —.631
143 — 671
202 —.678
301 —.679
354  —.809
407 —.796
460  —.876
513 —.913
566  —.988
680  —.460
742 -394
830  —.122
910 325
975 254
ETA=.972

X/C "MEAN
025 —.598
002 —.621
126 —.649
227 —T19
204 —.824
362 —.833
430 —.793
497 —.593
565  —.313
632 —.200
700 —.093
767 004
835 065
902 112
973 127

----- CPLOWER - - - - -
MAX ~ MIN  SIGMA
—659 —.579  .009
—752  —.677  .009
—-813 —722  .010
-915 -850  .008
-984 —.929  .008

-1.005 —.643  .022
—-815 —315 .058
—473 —314 024
—479  —-332 024
—473 —294 029
—379  —.073  .045
—.187 170 .059

----- CPLOWER - - - - -
MAX ~~MIN  SIGMA
—~557 —.488 013
—-681 —.589 011
—710  —641  .009
—718 —649  .009
—718  —647  .007
—844 —777 010
—842 —762 010
—~919 —.842 008
-949 -85  .008

~-1.025 —.725 .016
532 —.380  .027
-475  —310  .030
—.314 125 061

008 444 065
153 315 .021

_____ PL e
MAX ~~MIN  SIGMA
—-633 —.563  .014
—667 —.567 017
—693 —593 015
—766  —.687  .010
—858  —.802  .009
—868  —.777  .007
—844 —740 019
—787 —310 .080
—506 —.101 .06l
-352 —.009 .050
—.261 066 .049
—.132 136 .040
—.113 285 056
—.036 249 047
—.006 292 .044

37



Table 11. Continued

(g) Tab point 132, M = 0.96, ¢ = 160.3 psf, a = —2°

ETA=707 === CP UPPER.---- ETA=707 - CP LOWER - - - --
X/C 'MEAN MAX  MIN SIGMA X/C 'MEAN  MAX  MIN SIGMA
025 —.185 —.231 -.143 010
087 384 —420 -.355 008
148 —.436  —.468 —.415 005
209 —.357 —.395 333 .008 209  —.549  —.586  —.520  .008
294 —.418 —.456  —.402 008 294  —661  —.701 —.638  .006
350 —.456 —.496 —.420 010 350  —.724  —758  —.692 009
407 —530 —.576 510 .06 407 —.824  —.870 —.806  .007
463 —582 —.614 —.548  .008 463 —.894  —.926 —.872  .008
519 —579 —621  —.557  .007 519 —.909  —.947 894 007
579 —.648 —.689  —.624  .007 579 —.994 —1018 -.977  .006
659 —.670 —.699 —.645 007 659  —.834 —1.038 -.572 103
739 -780 -.817 763  .008 739 —.544  —.589 —.500 013
819 —.463 —.673 -.343 053 819  —.506  —.569 —.460  .015
899 —318 -374 -.276 013 899  —.402  —.d465 —.337 019
990 —.264 —.335 —.217 017 974 —.234  —.301 138 .04
ETA=871 - CP UPPER- - - - ETA=871 - CP LOWER - - - --
X/C ~MEAN MAX  MIN SIGMA X/C~ "MEAN  MAX  MIN SIGMA
025 —.129 160 —.106  .009 025~ —.427  —.464 —396  .008
084 —382 —.417  —.363 010 084  —.531  —.562 —.506 007
143 —.385 —.429 —.355 011 143  —.588  —.635 —.567  .008
202 —.347  -.392  —.302 013 202 —.613  —.644 —.588 008
301 —480 —517 —.458  .006 301 —621  —.664 —.595  .009
354 —.495  —527 —.472 006 354 —.740  —778  —.713 007
407 —511  —550 —.485 007 407  -.718  —.765  —.698 008
460  —.563  —.603 —.539 007 460  —.816  —.852 —.798  .007
513 —594  —.621 —566  .008 513 —.851  —.893 —.830  .005
566 —.728 766  —.704  .008 566 —.923  —.066 —.901  .008
680 —.740 —772  —.718 008 680 —1.024 -1.059 —.953  .008
742 821 —82 797 007 742 —638  —934 -.497 074
830 —318 -381 —.247 019 830  —.d457 514 —.399 015
910 —.277 -334 -234 015 910  —.365  —.d439 —.249 022
990 —.194 —.246 —.146 014 975  —.172  —253 032 031
ETA=.972 ----- CP UPPER .-~ - ETA=972  -—--- CPLOWER -----
X/C "MEAN MAX  MIN SIGMA X/C "MEAN  MAX  MIN SIGMA
025 —319 —365 —.200 010 025 ~ —.527  —.548  —.503  .009
092 -.360 —.405 —.317 016 092 —.501  —.563 —.d44 015
126 —.464 499  —.435 009 126 —.541  —.588  —.513 012
227 —500 —.540  —.476 007 227 —.652  —.692 —.626 007
294 568 —.605 —.539  .006 204  —760 —814 —.737 008
362 —645 672 —.618 007 362 -.758  —.812 745 .007
430 685 —.724  —.659  .008 430  -.821  —.866 —.788  .005
497 —723 754 700 005 497  —.819  —900 —.701  .033
565  —.761  —.783  —.740  .009 565  —.747  —.876  —.447 064
632 —673 —817 345 .086 632  —560  —.755 —309  .063
700 —.235 -.333 176 .026 700  -427  —.583 —275 051
767 —190 —.292 133 .026 767 —.334  —454  —215 032
83 —.159 —.230 —.096 .017 835  —.272 —377  —.044 041
002 —.145 —.212 -082 018 902  —.197  —201 —.035 035

.990 —.106 -.313 .028 .049 973 —.104 —.263 091 054



Table 11. Continued
(h) Tab point 240, M = 0.80, g = 123.8 psf, a = —1°

ETA=707  ==-:- CP UPPER.--:-- ETA=707  ----- CPLOWER - --
X/C "MEAN MAX  MIN SIGMA X/C "MEAN MAX MIN SIGMA
025 —328 —.406 —.278 017
087  —517 —589 —.422 017
148 —511  —582  —.403 023
200 393 —.446 —.324 016 209 —402 —468 —.297 025
294  —457  —546 —.281 039 294 —421  -505 —.315 028
350 —.445  —.530  —.320 033 350  —410 517 333 .026
407 -539  —.681 —.370  .046 407 —476  —556  —.376  .030
463 —521 —.664 —.378 .05 463  —425 —510 —-344 023
519 —481 —660 —.313 060 519 —200 372 -219 023
579 —.480 —.674 —.324 054 579 184 —253 —.122  .019
659 —.382 —.525 —.258  .043 659 016 —.028 072 .015
739 -.374  —487 —247 035 739 .18 126 255 013
819  —271  -.350 -.188  .023 819 301 247 346 013
899  —.112 175  —.062  .020 899 402 353 436  .012
990 126 .057  .154 012 974 344 275 387 013
ETA=871  ---- CP UPPER- - --- ETA=87L  ----- CPLOWER.----
X/C "MEAN MAX ~ MIN SIGMA X/C "MEAN MAX ~ MIN SIGMA
025  —282 —.346 -.247  0l4 025 —450  —.527  —.395  .018
084  —.469  —.505 —.422  .009 084  —474 515 —.428 014
143 —432  —496 373 015 143 —458 —515  —413 014
202 —420 —475  —373 017 202 —455 —524 —.379 018
301  -.388 —.466 —.287  .030 301 —402  —.494  —299 027
354 —420 516 271  .039 354 386 —.482 -.285  .025
407 —426  —529 304 035 407 —364 —.466 —.265  .025
460  —.449  —573 312 039 460 —.380 —471 317 026
513 —458  —.613 —.255  .049 513 —.306 —.422 233 020
566  —.484  —.650 —.328 .04 566 —.219  —.206 —.142 021
680 —.367 —.460 —-276  .027 680 014 -.036 211 .04
742 -307  —-376 -235 .02 742 124 071 160 014
830 175 —238 —.137 .0l 830 316 264 358 .01l
910 —123 —.180 —.079 .013 910 348 279 381  .020
990 128 064 179 017 975 244 196 279 011
ETA=972 =---- CP UPPER - - -- ETA=972  ----- CPLOWER - --
X/C "MEAN MAX ~ MIN SIGMA X/C "MEAN MAX = MIN  SIGMA
025 515  —.602 —.450  .023 025 —614 —718 526 029
092 —489 —571  —.429 029 092 408 495 —326  .026
126 —.515  —.609 —.414  .029 126 —.397  —.497 301  .027
227 —407 —.484 —.263 028 227 -394 458 —358 015
294 —.342 —426 240 028 294 —-330 -390 —.264  .020
362 —.333 —.442 —233 027 362 —.258 328 —.156  .025
430 -313 —410 228  .026 430 —281 —-384 —.196  .020
497 —251  -322 —.195 015 497 —213  -305 —.162  .020
565  —.253  —-.320 —.139 024 565  —.145  —.191  —.089  .022
632  —249 327 182 023 632 —044 -110 020 016
700 —.206  —.269 —.138  .021 700 112 065 .147 013
767 —170 —.225  —.115 022 767 237 190 274 012
835  —.100 —.173 —.057 015 835 284 232 333 015
902 —.060 —.111 001 015 002 289 239 339 014

990 074 .006 144 .016 973 206 153 .236 013



Table 11. Continued
(i) Tab point 245, M = 0.85, ¢ = 136.3 psf, a = —1°

%%‘ ’7%EAN MAX cP %&ER SIGMA }E(;/TCA '71917EAN MAX CP LL%V%E RSIGMA
025 —.252 —.304 —.213 .013
.087 —.493 —.535 —.459 .009
.148 —.504 —.553 —.466 .013
.209 —.403 —.454 —.368 .014 .209 —.452 —.581 —.283 .053
.294 —.518 —.597  —.445 .020 .294 -.495  —.681 —~.323 .070
.350 —477  —.541 —.413 .016 .350 —.472 —.625 —.328 045
407 —.592 —.657  —.541 .015 407  —.543 —.744 —.367 .069
.463 —.622 —.694 —.564 .016 463 —.453 —.640 —.300 .049
519 —.631 —.701 —~.537 .021 .519 —.200 —.413 —.186 .033
579 —.701 —~.765 —.460 .023 579 —.173 —.254 —.087 025
659 —.549 —.758 —.209 138 .659 .026 —.039 .092 .018
739 —.312 —.557 —.135 .065 739 194 .140 .244 019
819 —.233 —.378 —.119 .037 .819 .293 .224 .340 014
.899 —.074 —.146 —.005 021 .899 .390 .333 445 012
.990 144 .090 191 013 974 .357 .300 402 015
ETA=871_ ----- CPUPPER----- ETA=871 ----- CPLOWER -----
X/C ~MEAN MAX MIN SIGMA X/C MEAN MAX MIN SIGMA
025 —.226 —.276 —.186 .011 025 —547  —.611 —.478 .022
.084 —.485 —.534 —.459 .007 084  —.592 —.666 —.547  .016
.143 —.442 —.488 —.413 .009 143 —.547  —.600 —.494 .015
.202 —.449 —.498 —.405 .012 .202 —.543 —.607  —.463 .020
.301 —.491 —.574 —.342 .037 .301 —.512 —.639 —.340 .058
.354 —.503 —.573 —.324 .030 .354 —.440 —.616  —.297 .048
407 —.489 —.582 —.314 .035 407 —.420 —567 —.280 .046
460 —.540 —.632 —~.308 .046 460 —.443  —.655 —.288 .051
513 - .588 —.712 —.270 .083 513 —.339  —.482 —.199 .042
.566 —.601 —.858  —.250 131 .566 —.222 —.320 —.117 028
.680 —~.363 —.597 —.199 .062 .680 023 —.020 067  .016
742 —.295 —.419 -.175 .038 742 132 078 .186 015
.830 —.159 —.229 —.098 .016 .830 316 264 .362 014
910 —.102 —.151 —.045 015 910 339 .293 .372 .010
990 .149 .084 .202 .016 .975 .252 .203 278 012
ETA=972 = ----- CPUPPER----- ETA=972 = ----- CPLOWER-----
X/C MEAN MAX MIN SIGMA X/C MEAN MAX MIN  SIGMA
.025 — 476 —.534 —.396 019 .025 -.711 —.786  —.585 .030
.092 —.494 —.544 —.415 .016 .092 —.484 —.589 —.360 .029
126 —.603 —.654 —.528 015 126 —.563 —.655 —.426 .030
227 —617  —.742 —.402 .055 .227 —.510 —.635 —.416 .031
.204 —.414 —.633 -.179 .092 .294 —.362 —-.560 —.227  .043
.362 —.328 —.503 —.160 .053 .362 -.270 —.428 —.141 .040
430 ~.337 —.499 —.182 .051 .430 —.302 —414 -.178 .036
497  —.253 —.356 —.203 .030 497 —.224 —.329 —.147 027
.565 —.261 —.366 —.126 .038 .565 —.143 —.213 —.054 .024
.632 —.253 —.350 —.165 .030 632 —.040 —.099 031 018
.700 —.202 —.297 —.086 .027 .700 122 071 184 013
767 —.164 —.217 —.080 .024 767 .238 .198 287  .013
.835 —.089 —~.157 —.052 .017 .835 .276 .224 328  .013
.902 —.050 -.101 .014 018 902 .289 217 334 .015

.990 .093 031 .156 020 973 213 .164 .265 016



Table 11. Continued

(j) Tab point 248, M = 0.88, ¢ = 144.5 psf, a = —1°

ETA=707  ---=- CP UPPER - - - -- ETA=707  ==-<- CPLOWER - --- -
X/C 'MEAN MAX  MIN SIGMA X/C 'MEAN MAX  MIN SIGMA
025 —.188 —.250 —.153  .013
087  —.447  —481 —422 008
148 —494 534 —.464 008
209 —.409 —.440 —.371 012 209 —.676 —.732 —.646 012
294  —533  —576 504 011 294 742 806 —.678  .020
350  —.509 —.559 —.474 009 350 —.732 797 —.675 .05
407 —616  —.669 —.572 017 407 870 -.940 —.299  .065
463 —.618 —.667 .58 012 463  —457 —984  —.153  .192
519 —.643 —.685 —.614 012 519 —.226 —414  —.069  .047
579  —711  —771  —.675 011 579 —.137 —251 014 034
659 —.720 776  —.680  .014 659 038 —.024 099 .019
739 —786 877 —.212 077 739 205 145 255 017
819 —.196 —.308 —.088  .037 819 308 260 345 016
899 —.020 —.102 044 022 899 421 373 468 015
990 131 073 .180  .014 974 378 320 416 019
ETA=871 ----- CP UPPER - - - - - ETA=871 ----- CPLOWER .- -
X/C "MEAN MAX ~ MIN SIGMA X/C "MEAN MAX  MIN SIGMA
025 —.147 —176 —.115 010 025 —604 —640 —.565  .012
084 —433  —469 —.409  .006 084 —.696 —741 654 012
143 —391  —437  —367  .009 143 —727 768 —.692 010
202 —.412  —457  —.382  .008 202 737 784  —.660 012
301 —542  —.58  —.520  .009 301 —.700 783  —.244 058
354 —.570 —.640 529 013 354 —617 835 —.220 .165
407 561  —610 —.502 .04 407  -422 781  —.091  .138
460  —.589  —.656 —.538  .014 460 —.435 —.858 —.188  .100
513 —.658 —.722 399 015 513 —.343 —721  —.130  .079
566 —.788  —.833 —.741 013 566  —.201 —.374 —.074  .036
680 —.696 —.843 —.140 .136 680 047 —.008  .110 016
742 —.320 759  —.080  .108 742 156 099 227 017
830  —115 —217 —.030 .024 830 .33 272 388 0I5
910 —.042 —117 019  .027 910 355 314 413 .0l4
990 170 092 228 015 975 216 227 321 014
ETA=972 = CP UPPER - - - - - ETA=972  =--- CPLOWER - --
X/C "MEAN MAX  MIN SIGMA X/C "MEAN MAX ~ MIN SIGMA
025 -.384 —433 —338 013 025 —711  —755  —.679  .012
092 —437  -490 -.392 013 092 —666 —.773 —.508  .037
126 552 —.582  —.522 .01l 126 —.666 —.763 —.499  .026
227 —626 —.677 —.593 .01l 227 -781 —.832 637  .021
294 —706 —744 —646  .012 294 722 -902 -.263 113
362 —.712 787 —.283  .035 362 —.169 —.822 027  .136
430 —623 —747 —.148 112 430 —.205  —-453  —.007  .070
497 —270  —663  —.095  .106 497 —183  —311  —.040  .040
565 —.172  —.358  —.036 .048 565 —.119 —.189  —.014  .028
632 —.191 —331 —.056 .039 632 —020 —.082  .067 .020
700 —.163 —.280 —.019  .037 700 132 001 197 016
767  —137  —.205 —.040  .028 767 265 211 307 013
835  —.067 —.136 013 018 835 302 249 350 .020
902 —.038 —.095 037 018 902 310 242 365 015

990 097 041 171 .022 973 225 179 298 .015



Table 11. Continued

(k) Tab point 251, M = 0.90, g = 148.5 psf, o = —1°

ETA=707  ----- CP UPPER - - - - - ETA=707  ----- CPLOWER - -- - -
X/C 'MEAN MAX  MIN SIGMA X/C 'MEAN MAX  MIN SIGMA
025 —315 362 -.279 .01l
087  —507 —.550  —.480  .009
148 —571  —.600 —.543 010
209  -.525  —.564  —.485  .009 209 —.565 617 —.522 015
204  —.565 —.618 —.537  .0l4 204  —.666 —.716 —.625  .012
350  —.552 —.590 —.520 012 350  —707  —.752 —.669 .01l
407  -.703  —.745  —.674 010 407 —80 —.903 —.106 017
463  —.723  -.780 —.685  .013 463  —.924 -980 —.888 .01l
519  —717  —771  —678 012 519 —399 —.807 171  .113
579 -.758  —.808  —.727  .010 579 —171  —277  -.069  .031
659  —.793  —.837 —.755 .01l 659  —.076  —.215 048 .04
739 —860 —.912 453  .048 739 063 —.098  .189  .050
819  —.28 -.371 —.204 021 819 198 030 312 .045
899  —.164 —.264 —.075  .026 899 357 249 455 032
990 011 —.103 117028 974 323 229 393 .024
ETA=871_ ----- CP UPPER----- ETA=87L - CPLOWER - --- -
X/C "MEAN MAX ~ MIN SIGMA X/C "MEAN MAX  MIN SIGMA
025 —.253 —.288 —.218  .0l4 025  —454 -.501  —.403  .012
084 —-543 —594 -513 010 084 —590 636 —.563 .010
143 —559  —619 —516  .0l4 143 —.636 —.674 —.613  .012
202 —512 —.566 —.460  .017 202 —.674 —714  —642 011
301 —.524 —612 —474 020 301 —.639 712 —.549  .023
354 —.612 658 —.574 011 354  —.679 —.766 —-.601 .08
407  —611 —652 —.582 010 407 —680 736 —.616 .017
460 —.670 —720 —.638  .012 460 —.818 —.870 —.439  .020
513 —745 —-78  —.702 011 513 —.684 916 —.161  .196
566  —.868 —.911 -.821  .013 566 —.211 —.434  —.060 047
680 —.857 —914 —.820 011 680 016  —.156 084 029
742 —593  —.903 —.200  .129 742 127 —.028 208 026
830 —-218 —.308 —.017 .028 830 .34 242 378 018
910  —.125 —259 —.005 .040 910 338 .269 390 015
990 081 —-.079 .18  .035 975 233 141 289 021
ETA=972 <---- CP UPPER.- - - - - ETA=972 ----- CP LOWER - - - - -
X/C "MEAN MAX ~ MIN SIGMA XIENean  MAX 7T MINT SIGHMA
025 —.481 537 —.433 016 025  —.608 —.661 —.574  .010
092  —530 —.607 -—.476  .017 092  —.493 576 —.436  .020
126 635 683 —.578  .017 126 —.612  —649 —579 011
227 —669 —751  —.612  .027 227 —745  —785 702 012
204 717 —771 688 012 204 —.843 901 -.772 018
362 —778 —.824 742 .012 362 —.791 —.884 —.441 .03
430 —.782 —.843 -715  .016 430 —.539  —.863 —.043  .210
497  —763  —.834  —.622 .02 497  —075 -207 021  .035
565  —.615 —.882  —.003  .182 565  —.042 —.172 047  .030
632 —.132  —.722 055 066 632 003 —.152 089 .022
700 —.038  —.176 079 032 700 139 -.015 214 .023
767 —.065 —.165  .030  .026 767 245 041 299 025
835  —.020 -.084 073 .0 835 266 062 .350  .028
902  -.018  —.081 083 021 902 284 139 343 .023

.990 114 040 212 .022 973 .230 139 290 017



Table 11. Continued

(1) Tab point 254, M = 0.92, ¢ = 153.3 psf, a = —1°

ETA=707_ ==-<- CP UPPER - - --- ETA=707 ===~ CPLOWER. - - --
X/C 'MEAN MAX ~ MIN SIGMA X/C 'MEAN MAX  MIN SIGMA
025 —.215 —.282  —.155  .020 '
087  —437 —.498 ~-.397 010
148 —491 536  —.437 016
209 —410 459  -.349 013 209 —.630 —.666 —.609  .008
294 499 542 —.474 009 294 752 —.803 —.726 010
350 492 —.537 -.458 010 350 —.710 —.751  —.682 011
407  —637 698 —.584 012 407  —877  -919  —.852  .009
463  —640 —.698 —.582 015 463  —.946 —.982 —.915  .008
519 —.648 —701 —.589 013 519 —418  —.859  —.244 106
579 —683  —737  —.647 012 579  —.273  —.353 183 026
659  —711  —.765 —.663 011 659  —.277 359  —.173 028
739 —.814 —-80 —.644 013 739 —.181  —.303 009 041
819  —.262 —.347 186 .02 819 —.028 —.187 177  .055
899  —.139  —.222  ~.050 .02 899 .205 007 396 057
990 028 077 113 026 974 289 154 403 .039
ETA=871 = ----- CP UPPER - - - ETA=871 - CPLOWER. - - --
X/C ~MEAN MAX  MIN SIGMA X/C 'MEAN MAX  MIN  SIGMA
025 -.163 —.234 —.108 018 025 -513  —567 —.461 015
084  —.447  —.486 —.408 017 084 —636 —.698 —.604 .014
143 417 -500  —.345 027 143 —673  —711  —.640  .010
202 —-391 466 —.348 015 202 -.705  —.750  —.680 012
301 —506  —.551  —.469  .008 301 —718 774 —.677 012
354 —588 637 —.533 .0l4 354  —795 —.832 —.764 011
407  —566  —.609 —.518  .014 407 775 —.820 -.736 012
460 —.621 —.662 —.562 015 460 —.902 -.943 -.865 .01l
513 691 738 —.633 016 513  —.706 —.952 —.319  .160
566 —.807 —.871 —.752 015 566 —.206 —.431 —.183 .03l
680 —.795 —.839 748  .0l4 680 —.188 —.328 026  .050
742 —629 —.874  —.281  .128 742 087  —.243 153 .066
830  —.194 —.274  —.099 027 830 171 —.081 344 073
910 -.112 —-.216  .006  .037 910 271 074 377 046
990 091 —.018 203  .034 975 216 136 302 .0
ETA=972  <---- CP UPPER- - - -- ETA=972 ----- CP LOWER - - - -
X/C  "MEAN MAX ~ MIN SIGMA X/C "MEAN MAX  MIN SIGMA
025 383 —.d64 307 024 025 —624 —.675 —.580 017
092 -438 507 369 023 092 -619 705 —.501  .036
126 —528 593 —.481 020 126  —.646 741  —.583 031
227 -592 637 —.548 013 227 763 —.806 —.737 012
294 —677 —724 —.632 011 204  —874 —929 -.838 012
362 —.739 —787 —.674 013 362 —.800 —.867 —.728 019
430 -.746  —.805 —.681  .016 430 —.703  —.847 —.065  .086
497  —760 —.807 —.670  .017 497  -.132  -.304 020 052
565 —.736 —.854  —.101  .119 565  —.066 —.237  .093 043
632 —.198  —.652 —.006 .091 632 —.051 —.240 086  .052
700 —-.036 -.147 053 033 700 054 —.148 219  .058
767  -.020 —.115  .062 023 767 148 —.005 289  .045
835 022 —.058 094 021 835 182  —.067  .327  .059
902 021 -.056 092  .022 902 223 .042 332 041

990 116 .005 183 .024 973 216 .078 314 .032



Table 11. Continued

(m) Tab point 257, M = 0.94, ¢ = 158.6 psf, a = —1°

ETA=.707 -----CPUPPER----- ETA=707 <=~ CP LOWER - - - - -
X/C 'MEAN MAX ~ MIN SIGMA X/C "MEAN MAX  MIN SIGMA
025 —231  —.284 206  .010
087  —427  —.460 —.406  .005
148 —491  —.530  —.455  .008
209 —.448 —.486 412 .010 209 —579  —.611  —.555 007
204  —484  —524  —459 010 204 —697 —745 671 010
350 —.473  —.509 —.454 009 350 —.670 —.715 —.637  .010
407 —617  —.653 —.587 007 407  —.833 —.867 —.802  .007
463  —.651 —.697 —.630  .008 463 886  —.920 —.864  .009
519 —644 —.678 —.613  .008 519  —.895 —.939 —.615 .03l
579 —679 —.724  —.330 012 579  —370 609 —.260  .040
659 —714 —751  —.685  .009 659  —.365 —.448 —.291  .020
739 -804 —.843 689  .008 739 —-322 —.405  —.248 022
819 —.342 514 —.236  .030 819 —300 —.390 —.214 .025
899  —.251 —.325 —.192  .019 899  —.199 —272 100 .025
990 —.164 —.248  —.096  .022 974  —.089 —.180  .039  .027
ETA=871  ---<- CP UPPER - - - -- ETA=871 ----. CPLOWER - - - - -
X/C ~MEAN MAX  MIN SIGMA X/C "MEAN MAX MIN SIGMA
025 —.194 -226 —.017 010 025  —.425  —.469 400  .010
084  —.467 —502 —.115 012 084 —560 —.595 —.539  .008
143 486 526 —.462 008 143 —603 —.642 —.585 010
202 459 508 —.428 010 202 648 —.691 —.624  .006
301 —.479 533 —.434 018 301 —.664 —.702 —.631 .01
354 —547 —594 —.515 010 354 734 —772 706 008
407  —546 5890  —.523  .007 407  —724  —768 701  .010
460 —.613 —.640 —.587  .008 460 —.852 —.891  -.825  .007
513 —.686 —.713  —.657  .007 513 —.887 —.921  —.88  .009
566 —798 —.832  —.769  .009 566  —.745 —.964 -.319  .156
680 —.794 —.834 —.768  .007 680 —.379 457  -.307 .02
742 —841 —912 636  .032 742 —352  —421  -270  .023
830 —.281 345 —.095 .016 830 —.303 -.384 —.184  .031
910 —.242 300 .18 015 910 -217 347  —.030 .04
990 —.076 —.164  .050  .030 975  —.038 —.167  .143 .04
ETA=972  —--<: CP UPPER - - --- ETA=972  =--- CPLOWER - - - -
X/C TMEAN MAX ~ MIN SIGMA X/C "MEAN MAX ~ MIN SIGMA
025  —401 —.449  -.362 012 025  —547 —573  —.515 008
092 —.460 524 —.424 014 092  —501 -.573 -.441 019
126 —.562 607 —.541 012 126 —.564 —.597  —.542 007
227  —624 —681 —.573 014 227 —702  -735  —.680  .009
294 —.655 700 —.622  .008 294  —817 855  -.780  .009
362 —.708 —.750 —.673  .009 362 793 -850 —.749 015
430  —.739  —779  —.702  .009 430 —.762 —.876  —.356  .048
497  —744  —803 -.715 013 497  -290 574 082 075
565 —.794 —.837 -.728 012 565 —.209 —.354 —.001 .05l
632 760 —.846 -.324 056 632 —.248 -390 -.007  .060
700 -.288 664 —.085 087 700 —.201 -390 051  .065
767  —.154 —.347 038  .047 767 —.169  —.301 006 045
835  —.049 —.192 080  .043 835  —.166 —.357 125 074
902 028 152 078 034 902  —.098  —.251 108 .059

990 .011 —.222 A7 .052 973 015 —.163 271 071



Table 11. Continued

(n) Tab point 260, M = 0.96, g = 163.4 psf, a = —1°

ETA=707 =--=- CP UPPER -~ - ETA=707 ----- CP LOWER - - --
X/CT 'MEAN MAX  MIN SIGMA X/C 'MEAN  MAX  MIN SIGMA
025 —.222  —264 —.200 .009
087 —.412 —457 -394  .006
148 —474  —514  —441 009
209 —.438 —471  —.410 007 209  —520 —.560 —.495  .008
294 —.491 —530 —.466 006 294  —641  —.681 —.620 .009
350 —.467 —.504 —.451 007 350  —.627  —.661 —.597  .010
407 —.600 —.634 —.570  .008 407  —.768  —.810 —.747  .008
463 —.633 —.687 —.611  .009 463  —.829  —.869 —.806  .007
519 —.638 —.679 —.616  .007 519  —.82  —.890 —.827  .007
579 —.651 —.702 —.628 .01l 579  —.953  —.989 —.920  .006
659 —.688 —.720 —.675  .006 659  —.820 —1001 —.533  .109
739 —.783  —.807 —.764  .008 739 —506  —.566 —.436 015
819 —.733 —.886 —.412 087 819  —.465  —.528 —.d421  .0l4
899 —.354 —.412 204 018 899  —.356  —.420 —.306  .016
990 -.276 —.377 -.220 017 974 —215  —.282 —.143 022
ETA=871 =--<- CP UPPER - - - - - ETA=871 ---_- CPLOWER - - - --
X/C "MEAN MAX  MIN SIGMA X/C "MEAN  MAX MIN SIGMA
025 —.209 —.251 —.187  .008 025  —.348  —.388 —.322 008
084 —.468 —.508 —.445 006 084  —.491  —.522 478  .007
143 —.488 521 —.469 008 143 -540  —.567 512 .007
202 481  —515  —.450 007 202 —.593  —.627 572 .009
301 —526 —556 —.498 .01l 301 —.599  —.635 —.578  .008
354 —559 —.598 —.533  .008 354  —.666  —.706 —.642  .007
407 —.541  —593  —.518  .009 407  —.656  —.691  —.636  .009
460 —.597 —621 —.579 007 460  —.794  —832 —.758  .008
513 —.673 —.703 —.649  .006 513 —.826  —.852 —.801  .006
566 —.770 797  —.756 010 566 ~ —.889  —.924 —.860  .006
680 —.767 788  —.745  .005 680 —1011 —1.035 —.993  .006
742 —866 —.895 —.842  .006 742 —88  —.995 —.555  .094
830 —.457 —510 —.411 013 830  —.450  —.485 —.424 012
910 —.408 —.444 —.367 011 910  —.428  —.479  -.391 011
990 —.240 —.300 —.202 .014 975 —.206  —.349  —.266 011
ETA=972  ---- CP UPPER - -- - - ETA=972 = ---_- CP LOWER - - - --
X/C “MEAN MAX  MIN SIGMA X/C “MEAN  MAX  MIN SIGMA
025 —404 —.446 —.372 010 025 —481  —.522  —.d444 009
092 —472  -519  —.433 008 092  —402  —470 375 012
126 —.553 —.588  —.536  .010 126  —.506  —.536 —.472 008
227 —631 —.661 —.598  .008 227 —646  —.681 —.627  .007
294 —666 —711  —.647  .009 294  —762  —.808 —.744  .009
362 —.692 —.727 —.674  .008 362 736 —.759 727 006
430 —.734 777 —.T13 009 430  —.824 -850 —.795  .007
497 —743 789 715 010 497  -810  —.871  —.502 042
565 —.781 —.812 —.749  .009 565  -.363  —.631 —.255 .04l
632 —765 —.810 —.744 008 632  —.400  —.542 —.201  .030
700 —.797  -.842  —.600  .022 700 —362  —.503 —.243 035
767  —d460 —.783  —.253 112 767 -.336  —.d441  -239 027
835 —.305 —427  —.197  .043 835  —358  —.531 -T2 046
902 —270 -.382 —.148 032 902  -.332  —.418 —.233 030
990 —211 —487 —.048  .069 973 266  —411 —.074 050
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Table 11. Continued
(o) Tab point 91, M = 0.80, ¢ = 123.6 psf, a = (°

ETA=707_  -=--- CP UPPER-- - - - ETA=707 _  ----- CPLOWER - - - -
X/C 'MEAN MAX = MIN SIGMA X/C  'MEAN MAX  MIN SIGMA
025 —.684 —.750 —.622 017
087  —.694 —.739  —.628 012
148 —.675 746 —.581 019
209 521 —.502  —.443 019 209 277 -332  —.203 019
294 558  —.673  —.393 .04 204 —304 —.378 —215 022
350  —564  —.655 —.430  .037 350 348 —.414  -271 021
407 —582  —.690  —.378 047 407 -399 —.474  —321 022
463 —588  —.740 —.410 061 463 -386 465 —.313 .02l
519 —524  —.736 —.346 075 519 —.257  —320 —204 020
579 —517  —.728 348 062 579 —.180 -.238 —.119 017
659  —.416 -.552 —313  .038 659 049 007 093 .05
739 —406 —.506 —.309  .031 739 188 140 227 012
819 —269 —.331 —.217 020 819 308 250 363 013
899  —.111 —.173  —060 .014 899 378 337 433 010
990 119 053 150 016 974 295 245 344 013
ETA=871  ----- CP UPPER - - - - - ETA=871 _  ----- CPLOWER--- - -
X/C "MEAN MAX ~ MIN  SIGMA X/C 'MEAN MAX ~ MIN SIGMA
025 —.550 —.603 —.504 .05 025  —.164 —.235 —.103 016
084 —.685 —.734 —651 .010 084 —270 333 -231  0l1
143 581  —.650 —.526 018 143 315 —.366 —.279 012
202 -539 —.593 —.491 0I5 202 -.314 -371 -270 015
301  —472 —594 —.325 037 301 307 364 —.244 019
354  —.449  —568  —.251  .049 354  —.292  —361 —.220  .020
407 -479  —598 —.344 041 407 —323  —398  —.240  .020
460 —.480 617 —315 .04 460  —.313  —.378  -.239 020
513 484 —.660 —.287  .055 513 —.256 —.319 —.170 020
566  —478  —.657 —.321  .045 566 —.201  —.255  —.129  .022
680 368 —.492 —.293 025 680 042 013 083 .0l4
742 306 —.382  —.240  .020 742 129 056 175 012
830 176 —.245 —.128 017 830 335 203 374 014
910 —.067 —.117 —030 .013 910 403 341 443 013
990 117 055  .156  .014 975 237 .18 267  .009
ETA=972 ----- CP UPPER - - - - - ETA=972 ----- CPLOWER-----
X/C "MEAN MAX  MIN  SIGMA X/C "MEAN MAX  MIN SIGMA
025 —.792 —.863 -.724 .02 025 -310 —.38 —211  .023
092 596  —.668 —.497  .023 092 —229 205 —.154 019
126 —578 —.690 —.466  .036 126 237 -300 -.173  .021
227 422 -532  -.296 036 227 300 —.355 256  .014
294 318 —400 —-.214  .026 294  —271  -334  —221 016
362 —-.322 —.408 —254 031 362 -.207 —-276 —.118  .023
430  -.299 —381 —.226  .025 430 -.226  —-327  —.138 019
497 -237  -314 —200 011 497 197 -263 119  .019
565  —.234 318 —.151  .023 565  —.127 —.18  —.069  .019
632 —.248 328 —.182 021 632 013 -054 061 0I5
700 -218 -272  —.156 018 700 141 096 .192 016
767 162 -.227 —104  .020 767 261 214 298 012
835  —.096 —.153 —.051 .07 835 355 .300 401  .016
902 030 -.079 020 .0l4 902 360 297 398 014

.990 097 .023 133 .014 973 .226 172 269 .014



Table 11. Continued

(p) Tab point 92, M = 0.85, ¢ = 135.3 psf, a = 0°

ETA=707 ----- CP UPPER - - - -- ETA=707 - CPLOWER - - --
X/C "MEAN MAX ~ MIN SIGMA X/C 'MEAN MAX  MIN SIGMA
025 —544 —607 503 012
087 —.626 —.675 —.599  .009
148 —.687 —.744 —.656  .137
209 562 —.615 —.504  .013 209 —.343 420 237 028
204 647 703 —.601  .012 294 362 -457 —.233  .034
350 —.666 —.726 —.598  .016 350 —.415  —.508 —.286  .036
407  —.681 —759  —.591 .02 407  —.465 —.598  —.319 .04l
463 —666  —.767 —.571  .022 463  —.434  —539 311 .035
519  —.650 —.735 —.545  .029 519  —.200 376 —.186  .028
579 —.768 —.831 —.626  .020 579  —.186 —.253 —.061  .023
659  —.611 —.852 —.234  .147 659 052 006 138 017
739 340 591  —.191 .05l 739 198 154 259 017
819  -.220 341 -.133 .03 819 312 254 357 014
899  —.074 —.145 —.015 .018 899 374 320 421 015
990 I35 074 175 013 974 301 237 330 013
ETA=87L -~ CP UPPER - - - - - ETA=871 ----- CPLOWER - - --
X/C "MEAN MAX  MIN SIGMA X/C "MEAN MAX  MIN SIGMA
025 —.438 .48 —.048  .013 025  —.247 —.321 —.187  .018
084 —.660 —.708 —.632  .009 084 348 —.423  —304 014
143 —.609 —.656 —.556  .014 143 —.394  —442  —348 015
202 —539 595 501 010 202 -.375  —431  —312 019
301 —.670 717  —.624  .012 301 —.369 —.496 —.236  .032
354 680 —.730 —.598 018 354  —.350 —.445 201  .033
407  —.659  —.752  —.366  .040 407  —.377  —.469  —.258  .035
460 —.610 —.714  —.300  .060 460 —.372  —.499  —.256  .035
513 —.602 773 —.196  .112 513 —.292  —.402 167  .033
566 ~ —.520 —.857  —.195 .14l 566  —.216  —.297 —.117  .024
680 —.335 552 —.138 .06l 680 047 .00l 089 015
742 280 —.400 —.129  .037 742 137 078 187  .0l4
830  —.162 —.223 104  .022 830 341 268 379 015
910 —-.052 -.107 013 014 910 406 364 497  .012
990 142 077 182 .013 975 256 207 294  .013
ETA=972  ---<- CP UPPER - - - -- ETA=972 ----- CPLOWER - - - _-
X/C "MEAN MAX  MIN SIGMA X/C "MEAN MAX  MIN SIGMA
025 —684 —737 —.280 .016 025  —.393  —.477  —.287 027
092 —632 727 —.428 017 092  -.304 —.384 —.179  .025
126 —.676 —.732  —.604  .018 126 —.352 —.453 —.222 .03l
227  —.682 764 —.523 038 227 —.402 468 -.324 021
294  —539 —704 —.091 125 294 —328 —.408 —.253  .027
362 -.221 526 —.040 .06 362 —.221 331 —.095 .036
430 —.277  —.462 —.143 046 430  —.250 -.364 126  .032
497 —.227  -338  —.157 027 497 —211  —-292 -.135 024
565  —.230 —.354 —.087  .037 565  —.125 —-210 —.050  .021
632 —251 —.353 140  .027 632 021 —.050 .09 .070
700 —.216 —.302 —.116  .026 700 152 100 .188 015
767  —.157 —.208 —.070 .02 767 265 221 310 012
835 —.087 —.166 —.034  .020 835 350 .30 392 .013
902 —.021 -072 044 017 902 365 .298 429 068
990 108 046 172 017 973 231 169 284 015
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Table 11. Continued
(q) Tab point 94, M = 0.88, g = 143.0 psf, a = 0°

ETA=707_  =-=-- CP UPPER - - - - - ETA=707. =---- CPLOWER - - - - -
X/C 'MEAN MAX  MIN SIGMA X/C MEAN MAX ~ MIN SIGMA
025  —.440 —.488 —414 013
087 —572 —626 —.542 010
148 —634 680 —.597  .009
209 564 —.605 —.523 011 209 —.414 508 —.262  .042
204 —580 —629 —.520 .012 204 —419 -573 —232 076
350 —.628 —.663 —.590  .010 350 —.438 —615 —271  .052
407  —702  —.755  —.669  .012 407  —581 —697 —.361 .06l
463 —.708 —.762 —.663  .012 463  —.468 —749 —258 075
519  —.701 —.755 —.659  .014 519 —.301 —.439 —.176  .040
579 —775 —.834 —.737 016 579 186 -.262 —.080  .026
659 —.802 —.842 —.757  .0l4 659 050  —.019 118 017
739 —.501 —.925  —.266  .139 739 204 146 257 015
819 189 —.286 —.101  .028 819 303 240 362 016
899  —.048  —.137 010 022 899 373 315 422 015
1990 119 034 178 022 974 306 236 357 015
ETA=871 ---=- CP UPPER - - - - - ETA=871 _  --=-=- CPLOWER. - - - - -
X/C "MEAN MAX  MIN SIGMA X/C "MEAN MAX  MIN SIGMA
025 —320 —.374 —.289 .01l 025 —.339 —.405 —253  .021
084 —593 —.633 —.562  .008 084 —.454 -526 —.388  .020
143 —572 —620 —514 017 143 —464 -.519 —418 015
202 —.494 —550 —.461  .011 202 —.428 -.508 —.358  .023
301 —.618 —.667 —.568 .015 301  —.447 —573  —275 044
354 —.636 —.678 —.590 .012 354 —401 -579 —.239 .06l
407  —.668 —.723  —.626  .012 407 —407 -.555 —.244 044
460 —.665 —.699 —.545 011 460 —.440 —616 —.266  .066
513 —.766 —817 —.718  .012 513 —319 —509 —.182  .049
566 —.846 —.903 —.787  .015 566 —.215 —317 —.123  .028
680 —559 —.865 —.155  .174 680 054 .001 096  .015
742 —9225  —574 —.073  .063 742 145 074 190 015
830 —.080 —.173 —.010 .024 830 348 276 393 013
910 006  —.063 062 .020 910 408 370 457 014
990 158 085 197 014 975 270 231 314 011
ETA=972  ----- CP UPPER - - - - - ETA=.972 =---- CPLOWER- - - -
X/C "MEAN MAX  MIN SIGMA X/C "MEAN MAX MIN SIGMA
025 —.564 —.613 —517  .014 025  —.490 —.604 —.361  .032
092 —561 -—614 —515 016 092 —372 —448 —254 026
126 —.644 —.692 —595 016 126 —.460 —.562 —.356  .027
227  -659 —710 —.615 .014 227  —530 -.602 —.454  .024
294  —709 —.764 —.616  .014 204  -539 -726 —.337  .070
362 —.720 812 —.365  .047 362 199 —.512 —.040 .068
430  —.515  —.752 —.111  .149 430  —.240 —.382 —.082  .048
497  —.155 —.503 —.063  .049 497  —206 -.338 —.115  .030
565  —.147 —.323  —.022  .043 565  —.114 —.173 —.034  .023
632  —.201 —.321 —.094 031 632 028 —.047 103 018
700 —.181  —.273  —.072  .029 700 165 106 225 014
767 —.132 —.196 —.042  .024 767 276 233 330 013
835  —.063 —.132 —.007 .019 835 345 296 408 014
902  —.011 —.068 041 018 902 359 294 406 017

990 121 .056 199 .019 973 .245 184 .305 .016



Table 11. Continued

(r) Tab point 96, M = 0.90, ¢ = 148.0 psf, a = 0°

ETA=707  ----- CP UPPER - - - - - ETA=707 _  =---- CPLOWER - - - -
%6~ MEan  MAX 0 MIN SIGMA X/C 'MEAN MAX  MIN SIGMA
025 —-383 —436 —.352 011
087 522 —559 —.478  .008
148 —.586 —.623 —.543  .009
209 —.548 —-597 —.517 009 209 510 -.563 —.444 014
294 —572 —632 —.538 012 294  -590 —.645 —.520 013
350 592 —.641 —.558 013 350 —661 —714 —.595  .0l4
407 —681 —.730 —.647 010 407 -.801 —-.859 —.315 028
463  —712  —761  —.665 .012 463  —765 933 —.168  .I71
519 695 —.742 —.649 012 519 —.234 —506 —.100 .051
579 —772  —819 —725 011 579 —.156 —.286 —.033  .033
659 —.803 —.861 —.755 .012 659 042 —.018 114 065
739 -711 -930 —.328 132 739 195 141 249 015
819 —235 —324 —.134 023 819 311 244 362 016
899  —102 —.180 —.014  .026 899 395 350 442 014
990 056 -.037 137 025 974 303 .252 357 016
ETA=871 <-=-- CP UPPER - - - -- ETA=87L ----- CPLOWER - - - -
X/C "MEAN MAX ~ MIN SIGMA X/C 'MEAN MAX  MIN SIGMA
025 —261 —315 —.221 012 025 —423 —478 -367 013
084 535 —.578 —.509  .008 084 —535 —-.594 —.484 015
143 549  —.599  —.508  .012 143 —606 —.661 —.526  .0l4
202 —-507 544 —.458 013 202 —523  —.624 —431 032
301  —-574 —.624 —.538 .01 301 —536 —.591 —.278  .020
354  —585 —.619 —.547 011 354  —607 —.666 —.231  .052
407  -588  —.652 —.534 015 407 579 753 —.236  .142
460 —623 676 —.584 .01l 460 —469 —.794 —.211  .131
513 —-.782 —.826 —.742 010 513  —348 —.673 —.153 084
566 ~ —.867 —.920 —.806  .013 566 —211 —.341 —.072 .035
680 836 —.884 —.470  .026 680 054 .00l 104 017
742 417 —768  —.165  .103 742 148 084 209 016
830 -.132 -.228 —.034 .031 830 335 279 380 .0l4
910 —.006 —.122  .060  .029 910 397 321 442 015
990 126 .034 203 .024 975 255  .189 303  .016
ETA=972 . <---- CP UPPER - - --- ETA=972  ----- CPLOWER - -- - -
X/C "MEAN MAX =~ MIN SIGMA X/C "MEAN MAX  MIN SIGMA
025  —482 534 —.430 014 025 —.572 -.633 —.448 017
092  —505 570 —.439 017 092  —427  —-492 -328 .07
126 573  —.657 —.494  .036 126 —543  —614 —414 022
227  —618 —.664 —.571 010 227  —614 —701 -.523  .029
294  —676 —.727 —.644 011 204  —693 773 —.537  .027
362 —.762 —-.821 715 011 362 —539 -.735 —.003 .168
430 —764 832 —.610 .021 430 -158 —-.599 018  .083
497 658 —.781 108  .092 497 146 —.303 —.015  .048
565 —.192 —.650 025  .108 565 —.094 —.179  .004 .028
632 095 —-.237 006 .032 632 032 —.033  .099 019
700 —.097 215  .004 .036 700 169 126 229  .014
767 .08 —.155 005  .023 767 282 237 319 0l4
835  —.031  —.091 042 019 835 351 209 407 016
902 001 —.054 064 .018 902 374 206 405 .021

990 115 .054 192 017 973 .255 .201 .306 013



Table 11. Continued
(s) Tab point 98, M = 0.92, ¢ = 152.5 psf, o = 0°
I}B(’}'é=.707 ----- CP UPPER ----- ETA=707 = ----- CPLOWER-----

MEAN MAX ~ MIN SIGMA ¥E™WEean  MAX T MIN SIGMA
025 —.361 —.400 —.331 .01l
087 —510 —.554  —.464 009
148 579  —.627 —.538 013
209 536 —.590 —.502 .09 209 —.509 558  —.477 012
294  —.570 —.624 —.534 010 294 —.585 —.626 —.549 010
350 —.589 —.633 —.554 010 350 —.648 —716 —.624 010
407 —.661 —.708 —.628  .009 407 -832 -879 —812  .007
463  —710 —.750 —.680  .010 463 —.897 —.939 872  .009
519 —705 —.754 —.675 012 519 —.80 —.941 —.469  .032
579 —760 —.806 —.726 .01l 579 —.301 —.385 —.161  .030
659 —.791 —.836 —.756  .009 659 —.140 —.263  .006 .041
739 —754 —.925  —.387 .14 739 023 —.142 137 .038
819 —.264 —.338  —.199  .022 819 193 043 283 .03l
899  —.160 —.232 —.083  .020 899 350 251 418 024
990 001 —.093  .088  .027 974 203 210 358 021
ETA=871 = ---—- CP UPPER - :- - ETA=87L  ----- CPLOWER.-- - - -
X/C ~MEAN MAX  MIN SIGMA RIETHEAN  MAX " MIN  SIGMA
025 —.247 —.294 —214 .04 025  —.404  —452 357 012
084 —517 —.561 —.494 009 084 —523 565 —.482  .0l4
143 —544  —.593  —.493 013 143 —605 —.653  —.582  .009
202 -.525 —.587  —.480  .013 202 —.606 —.653 —.559  .010
301  —.605 —.657 —.523 017 301  —.622 —.696 —.550 .019
354 564 —.636 —.519 021 354 —630 —.602 —.567  .018
407 —575  —.622 —.519 015 407 —.686 —.731 —.650  .010
460  —.591  —.634  —.567  .009 460 —777 839 726 013
513 —.755 —.802 —.721 010 513 —.819 —.873 —.236 .04
566 ~—.856 —.924 —.826 012 566 —.206 —.661 —.093  .068
680 —.827 —.881 —.789 012 680 —013 —.177 212 .050
742 546 —.906 —.264  .137 742 098  —.051 203 .039
830  —.192 —.269 —.116  .022 830 330  .281 380 015
910  —.093  —.201 023 .037 910 390 335 441 017
990 055 —.060  .162  .036 975 224 150 283 022
ETA=972_ --=<: CP UPPER- - - ETA=972 ===~ CPLOWER - - - -
X/C "MEAN MAX  MIN SIGMA RJETNean  MAX T MIN . SIGMA
025 —.453 —.508 —.406 016 025 —545  —.567  —.495 012
092 —.496 —.553 —.437 021 092 —415 —512 375 014
126 —.601 —.640 .53 015 126 —.540 584  —.493 010
227 635 —.712 543 035 227  —.662 —.704 —.623 012
294 —644 —706 —.613 013 294 -7714 —-80 716 017
362 -2 774 —.694 011 362 —.751 —.830 —.643 .02
430 —.764 —.830 ~.717  0l4 430 —.750 —.864  —.112 075
497  —772  —.839 -701 017 497  —.186 -.655 032 118
565 —.623 —.823 —.111  .148 565 —013 —.162  .086  .035
632 —.146 —.443 053  .067 632 068  —.021 143 020
700 —-.019 —.173 074 034 700 173 .11 245 017
767  —.014 —.084 072 023 767 2718 219 310 016
835 020 —.053  .099  .021 835 351 278 395 017
902 030 —.052  .107  .019 902 366 276  .393  .020

990 113 .052 175 .018 973 .247 196 .286 .059



ETA=.707
X/C ~ MEAN
025  —.355
087  —.504
148 —.586
209 —.532
204 —577
350  —.590
407 —.649
463 —.704
519 —.704
579 —.760
659  —.781
739 —.780
819 —.300
899  —.223
990 —.049
ETA=.871
X/C "~ MEAN
025  —.261
084  —.522
143 —.558
202 —.554
301 —.609
354 —.624
407 —.614
460  —.603
513 —.730
566  —.863
680  —.818
742 711
830  —.224
910  —.129
990  —.005
ETA=972
X/C ~ MEAN
025 —.466
092 —.521
126 —.608
227 —.681
294 —.677
362 —.710
430 —.768
497 —.798
565  —.748
632 —.422
700 —.055
767 017
835 058
902 050
990 118

(t) Tab point 100, M = 0.94, ¢ = 157.0 psf, a = 0°

----- CP UPPER - - - - -
MAX ~ MIN SIGMA
~400 —-.321 011
549  —.483 011
—620 —.555  .010
—-573  —.498 011
—618 =552  .010
~626 —.560  .009
—699  —.621  .008
—740  —.672  .010
—744  —667 010
—.805 —.728  .008
—812  —.757 009
~-910 —.476  .083
~-373 —.227 019
~293  —.159  .023
—.145 020 025
----- CP UPPER - - - - -
MAX ~ MIN  SIGMA
308 —.219  .009
—556  —.491  .008
—608 —522 012
-593 —513 011
—669 —.588  .010
—675 —584 013
-682 —571 014
659 —-562 015
—779  —700  .010
—~.908 —.834  .008
-85 —.789 011
—~.903 —.401  .105
—296 —.158  .019
206 —.058 023
—.093 066  .025
----- CP UPPER - - - - -
MA MIN SIGMA
—-515  —417 016
~571  —.459 014
—653 —565  .013
—.735  —.637 013
—742  —.607 020
—752 —675  .009
-818 —730 .010
-859 —.726 015
~822 —558 021
729 —.121 118
—.226 061 042
—.082 080 024
—.018 131 019
—.029 115 023
—.026 192 028

Table 11. Continued

ETA=.7
X/C MEAN
209 —.469
294 —.560
350  —.635
407 —.791
463 —.858
519  —.867
579 —.534
659  —.337
739 —.311
819  -.235
899 002
974 202
ETA=.871
X/C "MEAN
025 —.331
084  —.475
143 — 555
202 —.567
301 —.588
354 —.610
407 —.661
460  —.765
513 —.811
566 —.920
680  —.360
742 —.268
830 141
910 394
975 212

ETA=.972
X/C "MEAN
025 —.485
092 —.371
126 —.506
227 —.622
204 —743
362 —.734
430 —.795
497 —.793
565  —.253
632 —.141
700 008
767 136
835 221
902 265
973 213

MAX

—.509
—.609
—.696
—.832
—.902
—.903
-.913
—.414
—-.375
—.348
-.191

.049

—.381
—.514
—.600
—.612
—.652
—.661
—.699
—.804
—.848
—.962
—.443
-.390
—.067

.326

167

MAX
—.539
—.409
—.535
—.661
—.796
—.772
—.839
—.851
—.376
—.282
—.142
—.020

.055

.109

113

LOWER

P
MIN SIGMA

—419 013
— 533 .009
—584 015
—767  .008
—.825  .007
—827  .009
-312 110
—-.267 019
—240  .020
—.048 042

211 .064
348 047

CPLOWER - - - - -
MIN  SIGMA
—.289 015
—445  .009
-531  .010
—-543  .009
—-546 014
~573 012
—631  .007
738  .008
—784  .009
—885 010
—248 039
120  .049

327 061
463 .019
254 016

CPLOWER - - - -
AN STGRMA
—434 014
-.343 .01l
~.468 010
~594  .009
-707 011
—.693 012
~759 011
—489 034
—.135 033

037 046
184 053
268 .048
350 .048
370 .034
289 .025
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Table 11. Continued

(u) Tab point 101, M = 0.96, ¢ = 161.7 psf, a = 0°

ETA=707  --s<: CP UPPER.- - - - ETA=707 ----- CPLOWER.-- - - -
X/C 'MEAN MAX ~ MIN SIGMA X/C 'MEAN MAX  MIN SIGMA
025 —348 377 —.181 .0l
087 —478 522 —.458  .007
148  —.568  —.602 —.539  .009
209 —.547  —577 515 007 209 —.407 439 374 009
294  —570  —.509  —-.546  .009 294 —.520 559 —.497 007
350 —.583 —.608 —.554  .006 350 —608 —.654 —.577  .008
407  —635  —.679  —.614 007 407 —734  —776  —T12 007
463 683 —.718 —.653 010 463  —.805 —.843 —.780  .007
519 —.687 —.722  —.647 009 519 —.816 —.845 792 .007
579 —.741  —782  —717 007 579 —.917 —957 —.807  .006
659 —.770 —.810 —.745  .008 659 —.921  —952 743 021
739 —.866 —.905 —.840  .007 739 —.d455 507 419 012
819 —.373  —460 -275 023 819  —.405 —456 370 012
899  —.297 —.371 —.230 021 899 —.202 354 206 018
990 —.189 —.279  —.119 021 974  —.093 -.157 015 025
ETA=871  ---<- CP UPPER.-- - - ETA=87L =--=- CPLOWER-- - -
X/C ~MEAN MAX  MIN SIGMA X/C "MEAN MAX ~ MIN SIGMA
025  —.276 —321 —.245 011 025 —.247  —201  —.202 010
084 519 561 —.497 007 084 —405 —443 043 01
143 —.565 —611  —.538  .008 143 —484 —.526 —.459 006
202 -.556 —.598  —531 009 202 -513  —.549  —.461 008
301 —.601 —.639 —.581  .009 301 —.513 553 —.484 010
354  —.628 —.655 —.600  .008 354 —.554 599  —.524 009
407 —625  —.672 597  .009 407 613 646  —.591  .007
460  —.635 —.671  —.598 010 460  —.715  —.749  —.685  .007
513 —.719  —745  —.691  .008 513 —.760 —.782  —.740  .004
566  -.843 —.881  —.820  .007 566  —.862  —.902 —.848  .008
680 —.834 —.874 —.809  .008 680 —.956 .98 —.934  .006
742 —.886  —919  —.465 025 742 —514 698  -.436 041
830 —.339 308 —.254 018 830 —.308 437 -.354 012
910 —.263 —.311 —.200 016 910 —313 -382 —.191 027
990 —.141  —-.200 —.057 021 975 —.075 —.215  .100 .05
ETA=972 —--< CP UPPER - - - - ETA=972 ---~- CPLOWER: - - --
X/C “MEAN MAX  MIN SIGMA X/C "MEAN MAX ~ MIN SIGMA
025  —.486  —.532  —.447 012 025 -.396 —.455 —.331 018
092 —.520 598  —.500  .009 092 -.315 -.365 —.279  .009
126 —.611  —.645  —580  .009 126 —.427  —476 -390 012
227  —675  —714  —.650  .008 227 —.560 —.508  —.533  .008
294 —704 —-742  —676 009 204 —-676 —.718  —.654 010
362 —.702 751  —.676 010 362  —670 —.717  —.640 009
430  —.745  —783 719 .009 430 —.742  —792 715 009
497  —.782  —.823  -.758  .008 497 -804 —.837  —.782 .05
565  —.765 —.820  —.702  .020 565 —.880 —.912  —.857  .009
632 —.649 —.785 —.407 063 632 —.491 —914 351 096
700 —.210 575  —.052 060 700 —.348  —.443  —.243 028
767 —.158  —.247  —.027 028 767 —.265 —.364 —.170 030
835  —.114 —.195 -.039 023 835 -.181 —.288 —.035 036
902 —.001 —.189  .004  .030 902 —.089 —.191 051  .034

.990 —.012 —.204 113 .041 973 .022 —.124 .206 .040



Table 11. Continued

(v) Tab point 239, M = 0.80, ¢ = 122.6 psf, a = 1°

ETA=707 -_--- CP UPPER - - - - - ETA=707 ----- CP LOWER - - - -
X/C 'MEAN MAX ~ MIN SIGMA X/C MEAN MAX ~ MIN SIGMA
025 -85 —942  —813 018
087  —807  —877  —.694 018
148 -85  —.907  —.644 .02
209 613 —.724  —.d464  .051 209 —.222  —.286 —.142 020
294  —646  —.805  —.397 070 294  —275 —.346 —.209  .020
350  —.598  —.729  —.403  .058 350 —.282 336 —.221 .019
407  —-688  —817  —.460  .058 407 —.362 —.436 —.282 025
463 —.676  —.844  —.440 078 463 —.337 —.404 —.264 .020
519  —601  —.836  —.373 .103 519 —.222 -278 152 .019
579 —546  —.852  —.327  .082 579 —.146 —.203 —.083 .017
659  —.426  —.602  —.289  .046 659 .03 -.014 102 015
739 -.387  —.506  —.278  .036 739 194 142 243 016
819  —.269  -.363  —.205 .022 819 332 203 378 012
899 —.100  —.177  —.048 017 899 430 357 468 .01l
990 089 030 142 016 974 341 202 377 011
ETA=87L . CP UPPER - - - - - ETA=871  ---x- CPLOWER.-- - --
X/C ~TMEAN MAX  MIN SIGMA X/C MEAN MAX  MIN SIGMA
025  —.783 -84 748 013 025 —.006 —.074 045 018
084  —925 984  —.886 .012 084 190 —.256 —.139 .014
143 —760  —.846  —.625  .029 143 -214  —269 —.166  .012
202 —.603  —.686  —.524  .030 202 —.281 —.354 —.237 013
301  —.550  —.793  —.368  .082 301  —275 —.348 —.197  .019
354 —537 725 -.332 075 354 —276 —.350 —.203  .023
407  —530  —.677  —.335  .058 407 -268 —.340 —.209 .019
460  —535  —.690  —.357  .058 460 308 —.377 -.236  .019
513 —527  —735  —.098  .070 513  —.255 —.317 —.167 .021
566  —.523  —.738  —.332  .055 566 —.179 —.220 —.116  .022
680  —.377  —.508  —.279 028 680 024 —.009 074 .0l4
742 -311  —-380  -.237  .022 742 127 072 162 .0l4
830  —175  —.255  —.123 .01l 830 324 267 362 012
910 —.107 —.168 —.065 .014 910 351 297 .385 .021
990 108 050 152 011 975 231 171 268 013
ETA=972 - CP UPPER - - - - ETA=972 ----- CPLOWER. - - - -
X/C TMEAN MAX ~ MIN SIGMA X/C MEAN MAX MIN SIGMA
025 —1063 -1127 —1001 .017 025 —.162 —.248 —.084 .024
092 —829 -1022  -620 .08l 092 -157 —.231 —.089 .027
126 —699  —.799  -.503  .063 126 —.203  —.290 —.120 .020
227 —460  —643  —.322 045 227  -313 362 —.262 .0l4
294 —391  —488  —.300  .033 294 279 —338 —.225 019
362 —.383  —475  —.202 036 362 —220 —.273 —.157 023
430  —353  —457  —.245  .028 430 -.259 —.320 183  .023
497  —272  -354  —.240 017 497 197 —.265 —.134  .020
565  —279  —380  —.197  .025 565 —.138 —.208 —.060  .023
632  —274  —360 —.198 .02 632 -.050 —.111  .006 .017
700 —-227  —.286  —.140 .020 700 .09 038 149 015
767 —195  —241  —116 .018 767 223 178 263 013
835  —132  —.190  —.087  .019 835 281 220  .336 .016
902  —082  —.140  —.027 017 902 283 227 328 .0l1
990 056  —.008 118 016 973 188 126 224 015
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ETA=.707
X/C  MEAN
025 —.644
087  —.716
148 - 813
209 —.734
204 —.725
350  —.688
407 —.823
463 —.838
519  —816
579  —.882
659  —.863
739 —.346
819  —.186
899  —.046
990  .125
ETA=871
X/C ~MEAN
025  —.589
084  —.860
143 —.819
202 778
301 —.769
354 —.764
407 —.738
460  —.791
513 —.844
566  —.933
680  —.255
742 -.223
830 —.144
910  —.102
990 163
ETA=.972
X/C ~MEAN
025  —.870
092 —.892
126 —.873
227 —.920
204 —.827
362 —.261
430  —.258
497 —.229
565  —.259
632 —.268
700 —.221
767 —.190
835  —.127
902 —.082
990 066

(w) Tab point 243, M = 0.85, ¢ = 134.6 psf, o = 1°

----- CP UPPER - - - - -
MAX =~ MIN  SIGMA
—-701 —-583 018
—759 683 012
-851 —.763 011
—796 —672 014
—797 —65 019
-728  —.625 013
—-873 —782 012
886 —.768 015
-876 —.761 018
-943 -8 .016
-923  —600 .030
—772 —202 061
-.304 —.108 .028
—.109 021 018

053 168 012

----- CP UPPER - - - - -
MAX ~ MIN = SIGMA
—.642 —551  .012
806 —.807  .012
~-858 —770  .010
~-812 -—.732 011
~839 —.675 017
—845 —686  .024
-797 —.680 .014
—842 —716 016
—906 —.774  .019

~1.017 —.302  .080
—449  —.137 043
372 —.112 037
—232 —.059 .020
~.166 —.006  .017

099 205 015

----- CP UPPER - - - - -
MAX ~ MIN  SIGMA
~.924 —.82 013
957 —813  .017
~.907 -.830 .013
~.980 -.828  .016
~929 —.208 .058
~767 -.008 078
-377  —.133 039
335 —.153 022
~371 115 037
381  —.167 029
~314 —.114 028

257  —.106 .019
212  —.053 021
~.141 001  .018
—.007 145 018

Table 11. Continued

ETA=.707
X/C MEAN MAX

209 —.289
204  —.341
350 —.339
407 —.420
463 —.377
519 —.244
579 —.139
659 051
739 228
819 346
899 446
974 375
ETA=.871

X/C "MEAN
025  —.101
084  —.282
143 —.296
202 —.353
301 -.334
354  —.328
407 —.314
460  —.357
513 —.283
566  —.191
680 040
742 144
830 342
910 360
975 268
ETA=.972

X/C "MEAN
025 —.262
092 —.243
126 —.288
227 —.425
294  —.350
362 —.250
430 —.279
497 —.209
565  —.138
632 —.044
700 112
767 232
835 275
902 284
973 193

MAX
—.362
~.365
—.380
—.500
—.502
—.367
—.380
—.294
—.203
—.114
059
175
214
.246
140

CPLOWER-----
MIN SIGMA
—.155 .026
-.215 .031
-.227 031
-.270 037
—.240 .029
—.151 .028
—.064 .021

106 .018
274 .015
.396 .015
489 .014
433 .014

CPLOWER - - - --
MIN SIGMA
—.054 .019
-.233 016
—.245 016
—.296 .016
—.207 .029
—.211 .029
—.204 .030
—.240 .033
—.190 .027
—.105 .027

.093 .015
.188 .016
379 012
403 .012
307 .011

CPLOWER - ----
MIN SIGMA
-.172 027
—.145 .025
—.187 .027
—.369 .020
—.256 .033
—.143 037
-.114 .032
—.122 .026
—.068 025

.032 019
161 .015
278 .012
319 012
338 .016
.243 .015



ETA=.707
XJC ' MEAN
025 —.500
087  —.643
148 —.730
209 —.653
204 —.698
350  —.666
407 —.790
463 —.810
519 —.808
579 —.860
659  —.880
739 —.522
819  —.298
899  —.142
990 048

ETA=.871
X/C T MEAN

.025
.084
143
.202
301
354
407
460
513
.066
.680
742
.830
910
.990

ETA=.972
X/C T MEAN

.025
.092
.126
227
294
362
430
.497
.565
632
700
767
835
.902
.990

—.463
—.722
-.730
—.696
—.712
—.753
—.732
—.749
—.826
~.941
-.751
—.334
—.138
—.030

150

~.726
—.740
—.788
—-.858
—.860
—.828
—.695
—.236
—.169
—.204
—.180
—.164
—.102
—.074

072

(x) Tab point 247, M = 0.88, ¢ = 142.2 psf, o = 1°

----- CP UPPER - - - - -
MAX ~ MIN SIGMA
564 —.452 014
-695 —.622  .008
770 —.698  .009
~707  —.624 011
—742  —657 014
—714  —616 011
—-839 753 010
—864 —.764 011
—865 —.756  .013
—-917 -831 .01l
—923 —.849 011
~939 —313 127
-387  —.152  .029
—-263 —017  .035
—.071 134 032
----- CP UPPER - - - - -
AX = MIN SIGMA
509 —.424 012
~752 —.680  .009
~777 =705 010
—743  —667  .009
—772 —683 012
~800 —.712 012
—779 —681 012
-797  —701 014
—.870  —.783  .012
-.985 —.892 .01l
~-954  —.228 157
-598 —.131  .051
245 —.043 028
—.132 032 025
056 219 .019
----- CP UPPER - - - - -
MAX ~ MIN SIGMA
—790 —.681  .015
—819  —.695 018
—822 —761  .010
~904 —819 011
-929 —.805 .014
—897  —.726  .024
-831 —.162  .132
624  —.0906  .076
—-327 —.036  .042
~-33 —.108  .032
—285  —.044 032
243 —.053  .025
163  —.050  .021
—.145 001 019
005 173 020

Table 11. Continued

ETA=.707
X/C MEAN
209 —.348
294 —.406
350  —.401
407 —.516
463 —.429
519 —.282
579 —.162
659 033
739210
819 324
899 422
974 336

ETA=.871
X/C "MEAN

025  —.206
084  —.366
143 —.403
202 —.436
301 —.437
354 —.382
407  —.385
460 —.442
513 —.331
566  —.215
680 030
742 138
830 333
910 350
975 261
ETA=.972

X/C "MEAN
025  —.363
092 —.320
126 —.400
227 —520
294  —.595
362 —.283
430 —.276
497 —215
565  —.136
632 —.039
700 118
767 237
835 270
902 283
973 206

MAX

—.432
—.570
—.512
—.665
—.661
—.396
—.255
—.024
147
.264
.355
276

MAX
—.280
—.423
—.448
—.506
—.547
—.530
—.506
—.604
—.497
-.307
—.020

075

277

319

219

MAX
—.458
—.418
—.470
—.609
-.732
—.610
—.447
-.315
-.204
—.108
.068
.190
215
220
.145

PLOWER-----
MIN SIGMA
—.246 .025
—.263 .057
—.265 .039
—.339 .065
—.251 .054
—.167 .034
—.083 .024

.088 .018
259 017
.362 .015
463 .016
410 .019
CPLOWER - - - --
MIN SIGMA
—.140 022
—-.309 018
—.334 .019
—.368 .020
—.274 .061
—.236 .039
—.243 039
-.227 057
-.179 .044
—.124 .028
076 .016
191 .016
370 .013
394 .012
302 .013
CPLOWER-----
MIN SIGMA
—.252 .033
—.223 027
—.274 030
—.448 .021
—.389 .054
—.085 .088
—.082 .051
—.116 .033
—.052 .025
.030 .020
176 .015
287 .015
327 .014
333 .016
.254 .017
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Table 11. Continued
(y) Tab point 250, M = 0.90, ¢ = 147.4 psf, a = 1°
ETA=707_ = =----- CPUPPER----- ETA=707 = ----- CPLOWER - ----

X/C 'MEAN MAX  MIN SIGMA X/C "MEAN MAX MIN SIGMA
025  —.421  —.472 -.389 012
087 —.58 —.623 —.565 010
148 —672 —.708 —.639  .009
209 —612 —.648 —579 011 209 —.451 —.480 -381 013
204 659 —.704 —.622 013 204 —557 —.607 —.481 016
350 —.639 —.689 —.606 010 350 —.597  —.661 —.201 052
407 —.763  —.809 726 010 407  —.606 —.793 —.246 111
463 —785 —.833 —.749  .010 463  —.483 —.836 —.231  .116
519 —.787 -8 -.753 011 519 -302 -.591  —.138 .06l
579 —.834  —.885 -.802  .010 579  —.177  —.279  —.069  .029
659 —.850 —.890 —.808 .01l 659 017 —.048 085 018
739 —.754 —.942 362 138 739 193 130 250 019
819  —.300 397 —.218  .0M 819 305 243 361 017
899 —195 —.290 -.076  .034 899 411 343 470 017
990 035 —.174 083  .036 974 314 242 396 021
ETA=871  =---- CP UPPER - - - -- ETA=871  ---x- CP LOWER - -
X/C "MEAN MAX ~ MIN SIGMA X/C 'MEAN MAX  MIN SIGMA
025 —374 —421 338 012 025 —.284 344 —.209 022
084 —642 679 —.621  .009 084 —.449 —506 —.396 014
143 —662 —715 —.634 011 143 —.456  —.518  —.408  .021
202 —.637 —.680 —.607 012 202 —.509 —.561  —.428 018
301 -.661 —.702 —.627 012 301 —535  —.591  —.277  .040
354  —.713 760 —.675  .0l4 354 —515 —.688 —.263  .104
407 —-699 —.751  —.657 012 407  —.445  —681 —.234 085
460 —.739 792 —.688 015 460 —.532 —.759  —.266 078
513 —799 —.851  —.767 012 513 —420 —729 —.150  .096
566  —914 —.962 —.872  0l4 566 —.233 —.378 —.073  .037
680 —.88 —.932 -.374 033 680 016 —.042 085 .019
742 —433  —.838  —.257 087 742 129 059 184 018
830 —.217  —-310 —.000 .03 830 322 267 369 015
910 —.111  —.225 019 039 910 339 271 393 .0l4
990 085  —.019 175 031 975 233 165 291 019
ETA=972 ----- CP UPPER - - -- ETA=972  ----- CP LOWER. - - - -
X/C "MEAN MAX  MIN SIGMA RIE= kAN MAX AN STGRTA
025 —625 680 —.564  .019 025 —441  —541  —.281 035
092 —657 —.718 —.611  .016 092  —.380 —474  -.239 027
126 —727  —758 —.699 012 126 —458 —.559 —.335 035
227  —798  —.849 756 012 227  —593  —671 —.504 018
204 —818 872 -777 014 204 —.699 —754 —.529 026
362 —830 —.865 —.794  .013 362 —.601 769 —.131  .112
430 —.805 —.861 —.673 018 430 —297 —-.784  —.067  .139
497  —719 —-839 —.223 073 497  —.153 340 —.015  .047
565 —.267 —.806 —.023  .136 565 —.110  —.197 011 031
632 —111  —.226 —.006  .032 632 —.028  —.002 053 021
700 —.101  —.201 006 .033 700 126 077 193 015
767  —.114  —.189 —.016  .025 767 245 183 301 015
835  —.064  —.121 025 019 835 272 207 340 016
902  —.051  —.105 025 019 902 286 225 345 015

.990 .087 017 167 021 973 218 175 .292 .015



Table 11. Continued
(z) Tab point 253, M = 0.92, ¢ = 153.1 psf, a = 1°

ETA=707  <---- CP UPPER - - - - - ETA=707  ----- CPLOWER.. - - --
X/C "MEAN MAX  MIN SIGMA X/C 'MEAN MAX  MIN SIGMA
025  —.383 443 —.340 015
087 —549 —601 —511  .009
148 -642 —.693 —.615  .007
200 603 —.657 —.558 .015 200 449 506  —.425 008
294 647 —.690 —.611  .012 294  —58 —.640 —.552  .009
350 614 —.663 —.572  .009 350 —.623 —.672 —.591 011
407 —756  —.803 —.723 010 407  —776  -.820 —.752  .009
463  -770  -814 —745 012 463 -839 883 —.805  .011
519 777 —.826 —.736 .01 519 —742 —.883 —211 .11l
579 —.803 —.852 —.773  .010 579 —214 —.322 —.088  .028
659 —.839 —.892 —.801 .01 659  —.157 —.267 —.011  .037
739 -779 —.930 —.337 112 739 —.032 —.199 137 .049
819 —334 —428 —.175  .030 819 118  —.085 268 .054
899 —215 —314 -.096 .034 899 309 163 430  .043
990 061 —.178  .046  .036 974 289 .199 381 028
ETA=871 <-<-- CP UPPER - - - - - ETA=871  ----- CPLOWER.: - - - -
X/C "MEAN MAX ~ MIN SIGMA X/C "MEAN MAX ~ MIN SIGMA
025 —.341 -394 —280 .012 025 —206 —.355 —.225  .0l4
084 611 —.654 —587  .008 084 —474 —511  —429 012
143 634 —.689 —.589 013 143 523  —570 —.464 013
202 —617 —.667 —.573 012 202 -522  —-564 —.494 015
301 —648 —.707 —.604 014 301 —.541  —593  —.509  .012
354 —705 —.767 —.650 .013 354  —651 -.697 —.617 .01l
407 686 —.735  —.633  .012 407 655 —.702  —.609 011
460 —-737  —.796  —.685 013 460 —.788  —.844 —T42 012
513 —.807 —-.855 —.750  .013 513  —.819 877 —.604  .019
566 —.916 —.970 —.873 .01l 566  —.342 896 —.149  .090
680 —.890 —.967 —.841 .0l4 680 —.074 —.284 037  .047
742 —623  —.944  —350  .127 742 054 —.159 154 .041
830 —.284 —345 -204 021 830 303 126 355  .021
910 —.200 —.299 —.064 .034 910 325 .238 378 .016
990 034 —.134 145 037 975 209 115 270 021
025 575 —.655 —.510  .020 025 461  —.557  —.366  .031
ETA=972 ----- CP UPPER - - - - - ETA=.972 <---- CPLOWER - - - - -
X/C "MEAN MAX  MIN SIGMA X/C "MEAN MAX ~ MIN SIGMA
092  —624 727 —554 018 092  —.403  —457 —.343 017
126 —.691 752 —640 014 126 506 —.572 —.436  .023
227 —770  -818 —717 013 227 621 —.693 —.589 011
294 —807 -.875 —.737 015 294 733 794 —.669 016
362 826 —.800 —.765 .0l4 362 —711  —753  —.660 .013
430 -89 —.897 —.784 .013 430 —797  —849  —.650  .018
497 807 877 -.729  .0l4 497 190 -.432  —-.038  .039
565  —.741 —.878  —.225  .116 565  —.082 —.202 034 036
632 —220 747 -.006 .070 632 —061 —.205  .040 .043
700 —-.051  —.229 065 .04l 700 056 —.126 175 048
767 038 —.138 018  .022 767 138 —.051 267 049
835 004 —-.058 071  .020 835 157  —.091 304 058
002 001 —-.067  .069 .022 902 192 —.016 298  .046

.990 113 .016 172 .020 973 .200 .045 315 027



Table 11. Continued

(aa) Tab point 256, M = 0.94, ¢ = 158.2 psf, a = 1°

ETA=707 <---- CP UPPER- - - -- ETA=707  =---- CPLOWER - - - -
X/C 'MEAN MAX  MIN SIGMA X/C 'MEAN MAX  MIN  SIGMA
025 -394 —.440 —.340 .01l
087 —.559 -.603 —.516 014
148 —623 —.660 —.595  .006
209 -617 —.646 —.593  .008 209 —.406 -.445 —.378  .008
204  —645 —.689 —.602  .010 204  —546  —.587  —.523  .007
350 —.614 —.652 —.587  .009 350 —-590 —.627 —.561  .010
407  —.742  —787 721 007 407 -726  —771  —.695  .010
463  —.764 —.810  —.743  .008 463  —798  —.844 779 009
519 —783 -832 745 010 519 826 —.865 —.800  .008
579  —794 —.835  —.769  .008 579 —.666  —.929 —.301  .149
659 —.839 —.885  —.807  .009 659  —.347 —.415 280  .019
739 765  —.899  —.348  .100 739 -305 —.361 —.238 018
819 —.332 —448 —.181  .038 819 -278  —.347  —.204 020
899  —-213 —314 —.126 .03l 899  —150 —.230 —.057  .028
990 —.135 —270  —.053  .030 974 012 —.082 160 034
ETA=871 ----- CP UPPER .- - - - ETA—871 ----- CP LOWER - - - - -
X/C "MEAN MAX  MIN SIGMA X/C "MEAN MAX ~ MIN SIGMA
025 —.357 —.381 —.326  .009 025 —.212 —.263 —.172 010
084 —.631 —.665 —.611  .008 084  —.417  —.460 —.380  .008
143 —638 666 —.613  .009 143 —462  —.495 426  .009
202 621 —.657 —.588  .007 202 —512 546 —.489 012
301  —.666 —.704 —.6314 011 301  —515 —551 —.492 010
354 —712  —.742 685 .01l 354 —612 —.652 -.597  .007
407  —688 —.722 —.667  .010 407 619  -.657 —.601  .007
460 —.742  —781  —.716  .008 460 —.753 783 —.729 .08
513 —.806 —.838 —.782  .010 513 —798  —.827 775 .007
566 —.916 —.949  —.886  .008 566 ~—.885 —.921 —.670  .009
680 —.906 -.935 —.880  .008 680 —.376  —.447  —.286  .024
742 —724  —958  —.449  .108 742 —.326  —.399  —.247 025
830 —.351 —.402 —.289  .017 830 -.226 -.353 —.079 .04l
910 —272 345 187  .026 910 —.024  —.212 196 .059
990  —.019  —.175 073 .034 975 132 -.018 239 038
ETA=.972 Ceeas CP UPPER-- - -- ETA=972  ----- CPLOWER - - - -
X/C "MEAN MAX  MIN SIGMA X/C "MEAN MAX  MIN SIGMA
025 —580 —.645 —.547 012 025  —.357 -.400 —308 .013
092 —.659 714 -614 013 092 —340 -.398 —.209 013
126 —691 -739  —.662  .010 126 -430 —.466 —.389 .01l
227  —765 —.812 737  .010 227 571 —614 548  .009
204 —820 -.880 —.790  .010 294 —703 —746  —.658 012
362 -840 —.894 —.806  .012 362 680 —.717  —.661  .009
430 —.833 —.879  —.791  .008 430  —782  —.832 742 .009
497 -84  —871 782 .01l 497  -379 810 —.149 127
565  —799  —.904 —.436  .084 565 —.208 —.309 —.104  .029
632 —343  -711  —.199  .073 632 —.249 —345 -.131 .03l
700 —-.196 —.313 -.085  .034 700 —.194 —-294 -078  .030
767 —132 272 —.015  .033 767  —.147 -236 -.049  .026
835  —.064  —.169 034 029 835  —.152  -.279 070 .040
902 —.057  —.153 067 031 902 —.115  —.241 018 .035

990 —.025 —.265 123 .051 973 —.026 —.163 152 .048



Table 11. Continued
(bb) Tab point 259, M = 0.96, ¢ = 162.9 psf, a = 1°
ETA=707 = ----- CP UPPER - - - - - ETA=707. .= =---=- CPLOWER -----

X/C MEAN MAX MIN SIGMA X/C MEAN MAX MIN SIGMA
.025 -.377 — 417 —.341 .010
087 —.560 —.607 —-.522 .011
.148 —.597 —.630 —.578 .008
.209 —.586 —.628 —.566 .008 .209 —.374 —.410 —.356 .010
294 —.628 —.669 —.606 .008 .294 —.511 —.550 —.488 .006
.350 —.595 —-.623 —.570 .008 .350 —.557 —.588 —.534 .006
407 -.717 —.765 —.701 .007 .407 —.676 —.718 —.655 .006
463 —.734 —.776 —.700 .009 463 —.751 —.788 —.736 .007
519 —.758 —.798 —.724 .009 519 —.782 —.809 -.767 .007
579 —.769 —.812 —.748 .007 579 —.882 -.913 —.863 .007
.659 —.811 —.838 —.795 .010 .659 —-.930 —.960 —.851 .008
739 —.865 —.906 —.810 .010 739 —.472 —.536 —.416 .015
.819 —.469 —.673 —.338 .053 .819 —-.3%4 —.434 —.359 013
.899 -.317 —.413 -.219 .028 .899 -.270 -.328 -.223 .014
.990 —.241 —-.347 —.168 .023 974 —-.105 -.176 —.015 .025
ETA=871_ = ----- CP UPPER - - - - - ETA=871 = ----- CP LOWER - - - --
X/C MEAN MAX MIN SIGMA X/C MEAN MAX MIN SIGMA
.025 —.349 ~.391 —-.327 .007 .025 —.159 —.189 —.122 .008
.084 —.620 —.657 —.594 .007 .084 -.373 —.414 —.347 .007
143 —.619 —.647 —.595 .007 .143 —.396 —.447 —.380 011
202 —.604 —.649 —.583 .005 .202 —.471 —.508 —.442 .006
301 —.656 —.684 —.636 .006 .301 —.482 —.524 —.455 .006
.354 —.687 —.721 —.666 .011 354 —.576 —.602 —.548 .009
407 —.668 —.702 —.648 .009 .407 —.576 —.606 —.551 .008
.460 -.717 -.759 —.696 .007 .460 —.706 —.740 —.687 .008
513 —.785 —.814 —-.760 .008 513 —.752 —.783 —.732 .004
.566 —.887 —.922 —.861 007 .566 —.838 -.874 —.821 007
.680 —.878 —.909 —.855 .007 .680 -.963 —.087 —.934 .006
.742 -.971 —-1.006 —.952 .006 742 -.927 —.965 —.738 .016
.830 —.465 —.512 —.402 .020 .830 —.416 —.476 —.374 011
910 —.420 —.468 —.347 .018 910 -.392 —.448 -.360 .011
990 —.231 -.301 -.170 .016 975 —.263 —.298 —.205 .014
ETA=972 = ----- CP UPPER - ---- ETA=972 = ----- CPLOWER- - - --
X/C MEAN MAX MIN SIGMA X/C MEAN MAX MIN SIGMA
.025 —.572 —.616 —.542 .010 025 —.292 —.344 —.254 013
.092 —.645 —.694 —.618 .008 .092 —.282 —.333 —.238 011
126 —.664 —.697 —.644 .008 126 -.377 —.410 —.357 .007
227 -.742 —.779 —.726 .008 227 —.533 —.565 —.510 .006
294 -.799 —.833 —.768 .008 294 —.652 —.693 —.629 .008
.362 —.821 —.858 —.804 .008 .362 —.639 —.664 —.609 .007
430 —.813 —.854 —.790 .007 430 —.741 —.787 —.721 .007
497 —.800 —.846 —.782 .009 497 —.791 —.831 —.766 .008
.565 —.841 —.878 —.815 .007 .565 —.651 —.899 —.256 .136
.632 —.821 —.879 —.625 .029 632 —.433 —.588 —.314 .040
.700 —.343 —.613 —.249 .044 .700 —.384 —.494 —.264 .036
167 —.278 —.358 —.181 .026 767 —.355 —.443 —.272 027
.835 —.236 —.308 —.165 .020 .835 —-.373 —.500 —.195 .040
.902 —.234 —.319 —.148 .024 902 —.334 —.420 —.234 .028
.990 —.165 —.362 —.027 .047 973 —.247 —.423 —.053 .054
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ETA=.707
X/C  MEAN
025 —1.124
087  —1.206
148 —1.088
209 —.980
204 — 626
350  —.619
407 —.656
463 —.673
519 —.644
579 —521
659  —.420
739 —.386
819  —.252
899  —.096
990 103

ETA=871

X/C " MEAN

025 —.975
084  —1.251
143 —1.179
202 —1.041
301 —.429
354 —.499
407  —.584
460  —.555
513 . —.512
566  —.505
680  —.367
742 —310
830  —.178
910  —.069
990 105
ETA=.972

X/C~ " MEAN
025  —1211
092 —1.221
126 —1.017
227 —.336
204 —.330
362 —.345
430 —.335
497 —.266
565  —.272
632 —.268
700 —.228
767 —.190
835  —.124
902  —.079
990 050

(cc) Tab point 105, M = 0.80, ¢ = 125.9 psf, a = 2°

MAX
—-1.270
—-1.314
—-1.144

—.495
—.434
—.442
—.415
—.349
—.354
—.336
—.310
—.223
-.179
—-.132
—.018

UPPE
MIN
-1.073
—1.150
—.989
—.648
—.318
—.367
—-.399
—-.375
—.367
—.328
—.293
-.289
—.171
—.031

.147

CP UPPER
MIN

—.939
~1.222
~1.068
—.783
—.257
—.275
—.379
—.390
—.324
—~.302
—.246
~.222
—.126
—.001
154

CP UPPER
MIN

—1.161
—1.132
—.444
—.222
—.224
—.263
—.250
—.224
—.203
—.208
—.167
—-.129
—.065
-.022
117

Table 11. Continued

SIGMA
.014
.014
.020
.031
.085
.069
.083
075
.108
.084
.041
032
.020
.015
015

SIGMA
011
.008
.019
026
.069
.061
.058
.081
.065
.049
.028
.024
.019
.014
.017

SIGMA
.013
.023
.108
.044
033
035
.026
.033
.024
.020
.020
017
.016
.016
.017

ETA=.7

X/C TEaN  MAX

- .227

209 —.130 -.185
294 —.194  —.264
350 —.195  —.280
407  -316 —.384
463 —.302 —.362
519 —.188  —.241
579  —131 —.182
659 062 007
739 213 152
819 341 273
899 426 371
974 322 268
ETA=871 -----
X/C 'MEAN MAX
025 147 087
084 —070 —.141
143 —.124  —.187
202 196 —.251
301 —.207 —.283
354  —.204 —.258
407 —.220  —.292
460 —251 —.303
513 —.211  -.273
566 —.158  —.236
680 043 —.013
742 128 055
830 335 288
910 373 321
975 212 155
ETA=.972 = ----.
X/E~VEAN  MAX
025 005  —.077
092  —.049 -.110
126 —.115  —.184
—240  —.307

294 —.232 —314
362 —.179  —.257
430 —.224 —.292
497  —.186  —.258
565  —.120 —.197
632 —.024 —.110
700 106 067
767 235 182
835 317 238
902 318 264
973 187 141

WER

P LO}Y !
MIN SIGMA

—.059 .016
—.131 017
—.126 017
—.261 .018
-.239 018
—.118 .018
—.078 .015
106 .014
251 .015
384 .012
453 .013
351 .013
CPLOWER. - - - - -
MIN SIGMA
.202 .014
-.012 .014
—.086 .013
—.137 015
—.151 .020
-.147 .018
—.151 .018
—.193 .020
—.140 021
—.085 .019
.109 .017
187 .017
.381 .014
.406 .014
.236 .013
CPLOWER - - ---
MIN SIGMA
083 .022
.028 .016
—.046 .020
—.181 .013
—.175 .018
-.102 .021
—.150 .019
—-.117 .019
—.053 .019
.046 017
.161 .016
.265 .011
365 .014
363 013
237 .016



Table 11. Continued
(dd) Tab point 106, M = 0.85, ¢ = 137.9 psf, a = 2°

ETA=707 - CP UPPER - - - - - ETA=707  <-=-- CPLOWER-----
X/C " MEAN MAX  MIN  SIGMA X/C  'MEAN MAX ~ MIN SIGMA
025  -.839  —.889 —.800  .015
087  —.955 —1012 —-.912  .012
148 —914  -952 —.890 .011
209  —.901  —.944 —871  .007 209 —.192  —.259 —.105  .021
294 -.903  —.953 -.865 .01l 204  —248 327 —.156  .023
350 -85  —.901 -.826 .010 350 277 —.358  —.192 023
407 —-926  -.986 —.885  .011 407 —.342 425 -.238 .02
463 —971  —1.021 —.944 011 463 320 —.404  —.243 024
519 -977 —1.033 -.933 012 519 —.209 —.282 —.133 021
579 986 —1.042 -.941 011 579 —.132 189 —.059 .018
659  —982 —1.038 —.810 .020 659 068  .019 122 015
739 —307  —618 —.150  .062 739 223 164 254 012
819  -.133  —233 —.067 .021 819 345 287 389  .013
899  —.031  —.104 023 018 899 432 .38 475 011
990 136 072 184 013 074 347 205 383 .019
ETA=871 -_-__ CP UPPER - - - - - ETA=871  ----- CP LOWER - - - - -
X/C ~MEAN MAX  MIN  SIGMA X/C MEAN MAX =~ MIN  SIGMA
025  —.726  —.781 692  .008 025 045 —.013 092  .016
084  -1.004 —1.053 -.979 010 084 —.150 —.207 —.102  .014
143 -.990 -1.036 —.950  .009 143 199 249  —158 012
202 -.920  —.980 .84 010 202 257  —.307 —.203 016
301 —-917  -.95 —.875 .011 301 —.260 —.326 —.164 .02l
354 —931  —.975 897  .010 354 255 336 —.159  .023
407 —.906  -.965 —.877 .01l 407 -267 —357 —.176  .023
460  —-.880  —.922 —.836 .012 460 —.293 —.364 —.201 .025
513 -1.006 —1.054 —.964 011 513 —.241  -322  —.152 023
566 —1.103 —1.177 —328  .065 566 —.173  —241 —103  .022
680  -214  —.402 110  .043 680 056  .001  .099 .013
742 -167  -.266 —.076  .025 742 145 .09 197 014
830  —111  —.206 —.037  .020 830 354 200 384 012
910 044  —092 025 015 910 396 344 435 010
990 162 101 205 012 975 256 215 289 012
ETA=972 .. CP UPPER - - - - - ETA=.972 ----- CPLOWER.- - - --
X/C TMEAN - MAX ~ MIN  SIGMA X/C "MEAN MAX ~ MIN SIGMA
025  —.965 —1.034 --934 011 025 —.098 176 —.017  .023
092 -1.031  -1.096 —.994 .01l 092 —.120 —201 —.050 .025
126 -1.035 —1.094 —.994 014 126 —.194 —.269 —.118  .023
227 1050 -1.085 —.998  .012 227 343 —408 —.203 018
294  —964 —1.036 —.908 .018 204 —324  —400 —.248  .023
362 —572 —.956 —.140 .16l 362 —.228 -338 106  .033
430  -.163  —.420 —.065 .033 430 -.255 —.344 —.150 .03l
497 —.154  —217  —078  .025 497 —202 —.287 132 .024
565  —.201  —.323 —.085 .031 565  —.123  —.179  —.049  .020
632 -.235  —.320 —.150 .024 632 -.012 -.087  .055 .068
700 -.212 —309 —.114 025 700 125 073 184 017
767 -.182  —253 —.105  .018 767 245 204 292 012
835  —.122  —.202 —.059 .018 835 319 260 372 016
902  -.08  —.133 —.033 .017 902 326 279 370 013
990 067  —.004 132 .019 973 201 .141 241 065
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Table 11. Continued
(ee) Tab point 107, M = 0.88, ¢ = 145.7 psf, a = 2°

62

ETA=707 --__. CP UPPER - - - - - TA=707  ----- VER - --- -
X/C" " MEAN  MAX = MIN SIGMA X/C" 'MEAN MAX ~ MIN SIGMA
025  —.669 —721  —-.624 013
087  —792  -851 757 012
148 -804  —.843  —773 010
209  —.794  —.848 779 .008 209 -267 342 160 .04
204 798 —855  —772  0l1 204 —313 448 —217 026
350  —.791  —.829  —.758  .009 350 —.368 —.472 254 032
407  —853  —.898  —.825 010 407  —.443 626 —.296 046
463  —.901  —.955  —.870 .01l 463 —.417  —618 —.277 040
519 —.918  -966  —.164 018 519 -.275 —.396 —.173 030
579  -.932  -987  -.891 .010 579 —.180 —.257  —.101  .022
659  —.965 —1.018  —.923 013 659 033 -.031  .091 016
739 —.606  —.860  —.322  .094 739 193 131 241 015
819  -.209 -320 —.112 034 819 320 260  .356 .0l4
899  —.098  -.195  —.014  .029 899 404 356 449 013
990 051 —.050 127 028 974 302 244 351 019
ETA=871 ... P UPPER - - - - - ETA=871  ----- CPLOWER- - - - -
X/C TMEAN MAX ~ MIN = SIGMA X)e=Vkan  niax FKIN M icaia
025  —.565  —.607  —.523 011 025  —.055 —.137 013  .020
084 -84 80  —.821 .007 084 -.240 -319 —.183 018
143 -833 888  -.795 011 143 —292 360 —.249 017
202 —.798  —.82  —.775  .008 202 -.343  -.401 —.200 021
301  —-.809 -850  —.785  .008 301 —.344 —461 —232 035
354 847  —.898  —813  .009 354  —.326 —.414 223 028
407 —-821  -.866  —.782 .01l 407  -.353  —.448 —.252 035
460  —.802 -850  —.768  .009 460  —.385 —.534  —-.226  .042
513 —.926  —.973  —900 .009 513 —.309 —.431 190  .036
566  -1.059 —1.103 —1.023  .010 566 —.215 —.311 —.121  .025
680  —547  —970  —-.297 125 680  .035 —.023 222 016
742 -327  —468  —.168  .040 742 132 073 187 014
830  -.110  —.232  —.022 .030 830 341 272 375 011
910 007 —.074 061 018 910 386 351 424 011
990 143 059 194 015 975 252 204 297 013
ETA=972 .. CP UPPER - - - - - ETA=.972  <---- CP LOWER- - - - -
X/C "MEAN MAX = MIN SIGMA X/C" 'MEAN MAX  MIN SIGMA
025 ~ —.809  —.861  —.767 .0l4 025 —.198 —.202  —.091 027
092 -89  —917 -.820 0I5 092 —192  -.274 119 023
126 —.869  —-.917  —-.834 .012 126 —.260 361 —.183  .027
227 -932  -.980  —.898  .010 227  —.448  —.495 386  .019
204 —.935  —.993  —.860 .010 294 —511 618 —.379 038
362 -89  —.917  —.810 .017 362 —.293  —527  -.100 078
430  —.808  —.893  —.192  .067 430 —.261  —437  —117 049
497 236 —.722  —.050 121 497 —.218 332 -.113 .03
565  —.007  —.211 002 037 565 —.125 —.195 —.034 023
632  —.160  —.241  —.080  .027 632 -010 —.083  .076 .019
700 —.158  —.243  —.058  .027 700 135 081  .198 016
767  —.141  —.193  —.065  .022 767 256 205 300 .013
835  —.087  —.142  -031 018 835 323 267 377 012
902  —.057  -.114  —007 .018 902 335 277 399 014
990 091 031 160 017 973 217 157 264 015



ETA=.707
X/C~ ' MEAN
025  —575
087  —.695
148 —.742
209 —.735
294 745
350  —.736
407  —.808
463 —.857
519 —.876
579  —.890
659  —.941
739 —.632
819 —.267
899  —.174
990  —.033

ETA=.871

X/C "~ MEAN
025 —.471
084  —.749
143 —.740
202 —.728
301 —.756
354 —.793
407 —.762
460  —.763
513 —.877
566 —1.005
680  —.836
742 —.398
830  —.208
910  —.073
990 065

ETA=972

X/C = MEAN
025  —.710
092 —.761
126 —.789
227 —.860
204 —872
362 —.847
430  —.800
497  —.753
565  —.225
632 —.078
700 —.096
767 —.105
835  —.060
902 —.041
990 084

(ff) Tab point 109, M = 0.90, ¢ = 150.7 psf, a = 2°

----- CP UPPER - - - - -
MAX ~~ MIN = SIGMA
—-638 —533 013
—743  —652 012
—781  —.713 009
—775  —708  .009
-780 —.712 011
-796 —.710  .010
—856  —.775  .009
—.923  —.829  .010
922 —.843 011
—931 —.850 .010
—996 —.869  .017
—866 —.299  .101
—400 —.155  .036
-258 —.072 028
—.105 055 026
----- CP UPPER - - - - -
MAX ~~ MIN  SIGMA
~518  —.436  .010
~794 —726 007
—779  —712 013
~761  —.689  .010
~791  —728 009
—845 —.750 011
—814 —721 013
-821 —.731 011
—.929 —.846  .010
~1.044 —.978 010
—995  —.403  .125
-719  —.301  .043
—206 117 027
167 023 .028
—.049 140 .026
----- CP UPPER - - - - -
MAX ~ MIN  SIGMA
—752 —661  .012
—840 —.711  .016
—840 —.760  .013
-913 —811 .01
~.925 —.843 012
898 —.806 .06
—874 —.748 015
—837 —.373 056
~.752 014 .144
—.197 006 .028
—.199 039 .028
—175  —.006  .020
—125 041 .019
—.099 051 018

019 155 .018

Table 11. Continued

ETA=.707

X/C MEAN
209  -.326
204 —.432
350  —.425
407 —.556
463 —.558
519 —.309
579 —.206
659 .006
739 165
819 291
899 380
974 265
ETA=.871

X/C~ MEAN
025 —.126
084  —.313
143 —.382
202 —.422
301 —.443
354 —.419
407 —.409
460 513
513 —.402
566  —.246
680 013
742 115
830 322
910 .369
975 215
ETA=.972

X/C "MEAN
025  —.263
092 —.251
126 —.346
227 —.496
204 —.627
362 —.547
430  —.386
497 —.168
565  —.116
632 —.011
700 131
767 254
835 330
902 343
973 222

MAX

—.389
—.544
—.538
—.662
—.757
—.588
—.281
—.053
103
.240
333
212

MAX
—.180
—.380
—.432
—.494
—.544
—.550
—.574
—.665
—.694
—.404
—.056

.034

.262

315

.152

—.367
—.322
—.418
—.548
—.713
—.698
—.707
—.380
—.212
—.080
078
198
281
291
.164

CPLOWER -----
MIN SIGMA
-.237 .017
—.254 .036
—.281 .044
—.354 .046
—.256 .090
—.144 .057
—.119 .026

.065 .017
.209 .016
332 .013
423 .013
339 .016

CPLOWER-----
MIN SIGMA
—.048 .021
—.261 015
—-.324 016
—.364 .021
—.298 .027
—.261 .050
—.256 047
—.322 .053
—.206 .074
—.140 .034

079 .016
.168 .016
362 .014
410 .012
.264 .016

CPLOWER-----
MIN SIGMA
—.137 027
—.149 .025
—.246 .024
—.431 .018
—.505 027
-.191 .060
-.101 150
—.039 .046
—-.009 .029

062 .021
191 .016
313 .014
399 013
385 .018
.266 .015
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Table 11. Continued

(gg) Tab point 111, M = 0.92, ¢ = 154.8 psf, a = 2°

ETA=707 = ---=- CP UPPER - - --- ETA=707 ===~ CP LOWER - - - -
X/C 'MEAN MAX ~ MIN SIGMA X/C 'MEAN MAX  MIN SIGMA
025 —.520 —.588 —.485 011
087 —652 —.701 —612 012
148 —700 739 —.673 010
209 —701 —.744  —679 009 209 —.388 —.425 345 010
204  —717  —771  —682 013 204 —496 —.541  —.465 011
350  —707 —.758  —.680  .009 350 —607 —.660 —.569 012
407 —778  —834 —.754 010 407 707  —766  —.655 013
463  —.827  —.876  —.796  .009 463 —.778 837 —.726 010
519 —.845 —.887 —.810 010 519  —.794 838 -.373 023
579  —.863  —.006 —.828  .009 579  —.227 -358 —.116  .033
659 —.923 —.950 —.857  .0I2 659 —.042 —.144 017 026
739 —688  —.900 —.348 090 739 103 —.014  .169  .026
819 300 —.435 —.173 038 819 241 155 301  .019
899  —223 —.297 —.138 .0 899 360 313 401 013
990 089 —.180 —.013  .022 974 248 196 331 015
ETA=871 ----- CP UPPER - - - -- ETA=87L -=-~- CPLOWER. - - --
X/CT"MEAN MAX  MIN SIGMA X/C MEAN MAX  MIN SIGMA
025 —.404 —.459  -.369  .008 025 —.173 —.222  —.120 012
084 683 718 —.652  .008 084 —374 —.417 335 009
143 —690 —.726 -.661  .008 143 -421 480 -.386 012
202 -679 718 —.648 011 202 —d471  —516  —424 010
301 -710 —.750 —.688  .010 301 —513  —.566 —.482 010
354  —.754  —799 —.719 010 354 —.599 637 —558 013
407  —732  —770  -702 .0l 407 —629 —674 571 014
460 765 —.811 -.734 010 460 —691 —760 —.626  .020
513 —.835 —.882 —.802  .012 513 728 816 —.244 080
566 —948 —.985 —.931  .008 566 —.275 718 —.114 074
680 —924 —.969 -.619 .021 680 001 —.076 066 .08
742 —513  -.802 -.339 078 742097 033 152 017
830 —272 -.346 —.195  .021 830 306 245 342 015
910  —.163 —.244 —.082  .023 910 354 205 400 012
990  —.030 —.117 056  .025 975 172 115 224 016
ETA=972 === CP UPPER.- - - -- ETA=972  ---~- CPLOWER - - - - -
X/C “MEAN MAX  MIN SIGMA X/C "MEAN MAX  MIN SIGMA
025 —635 —.689 —.600 015 025 —.318 -.381 —.240 023
092 689 —.761 —.636 .013 002  —.291  —.350 —.246 016
126 738 —796  —.707  .009 126 —.381 —.430 —.318 017
227 —807 856 —.768  .013 227  —527  —.568  —.488 012
204 —829 —.878  —.809  .009 294 —647 604 —.615 013
362 —.832 -84 -.T96  .014 362 —677 726 —.63¢ 012
430 —.826 —.871 —.785 012 430 —745 816 —.608 021
497 788 —.837  —.747 015 497  —.486 —.794 —.083  .178
565  —.648 —.811 —.232 104 565 —.070 —.218 038  .040
632 —.170 —.483 006  .084 632 021 —.101 084 021
700 —-.023  —.101 050 022 700 141 076 197 015
767 —048  —.116 027 021 767 250 193 305 014
835 —.023 —.087 052 .020 835 330 263 377 014
902  ~-.026 —.096  .050 .02 902 334 283 375 .06l

.990 .068 —-.037 140 .020 973 212 137 270 .016



ETA=.707
X/C  MEAN
025  —.507
087  —.655
148 —681
209 —.682
294 715
350  —.694
407 —.766
463 —.803
519  —.833
579  —.845
659  —.890
739 —.623
819  —.287
899  —.237
990  —.120
ETA=871
X/C T MEAN
.025 —.402
084  —.679
143 —.685
202 —.678
301 —.706
354 —.746
407 -.735
460 —.769
513 —.827
566  —.925
680  —.895
742 — 557
830  —.293
910 —.201
990  —.085
ETA=.972
X/C ~MEAN
025 —.622
092 —.684
126 —.720
227 —.798
.294 —.822
362 —.843
430 —.834
497 —.803
565  —.713
632 —.315
700 —.114
767 —.068
835  —.0l4
.902 —.024
990 054

Table 11. Continued

(hh) Tab point 113, M = 0.94, ¢ = 159.7 psf, a = 2°

----- CP UPPER - - - - -
AX ~ MIN SIGMA
—547  —470 010
—691 —.626  .010
—705 —.663  .007
-711 —-.658  .008
—737  —.672  .008
—724 —670  .010
797  —-.731 009
827 =772 .009
—860 —.806  .009
857 —.824  .008
—.920 —.831 .014
873 —.337 007
—444  —.168  .037
~332 -.145 .026
~.196  —.035  .021
----- CPUPPER - - ---
AX = MIN SIGMA
—445 —379 012
—~707 -.653 .07
—736 —.651  .010
719 —640  .009
—736  —677 011
—775  —.708  .009
-779  —.703  .010
797 —.743  .009
855 —.799  .008
—944  —.903  .009
—929  —.402  .047
—887 —.339  .093
—.358  —.223 019
—259  —.135  .020
—.169  —.024  .025
R CP UPPER - - - --
MAX = MIN SIGMA
—667 —.581  .012
—~726 —649 016
750 —.696  .007
—830 —.766  .010
—862 —.785  .012
—.880 -.793  .011
880 —.804 .01l
—834 —757 011
—~.820 —.387  .068
—649 —.130 .079
—.256 037 046
—.229 068 032
—.107 084  .024
—.126 048 .027
—.164 157 033

ETA=.707

X/C MEAN MAX

209  —.357
204  —.465
350  —.581
407 —.691
463 —.762
519 —.790
579 —.779
659  —.288
739 —.243
819 —.139
899 105
974 214
ETA=.871

X/C "MEAN
025  —.121
084  —.348
143 —.391
202 —.453
301 —.487
354  —.582
407 —.615
460  —.700
513 —.756
566  —.861
680  —.333
742 —.242
830 123
910 361
975 162
ETA=.972

X/C~ "MEAN
025 —.257
092 —.246
126 —.345
227 —501
294 —.629
362 —.652
430 —.741
497 —.804
565  —.327
632 -.225
700 —.089
767 042
835 138
902 197
973 161

—.400
—.503
—.618
—.743
—.800
—.813
—.898
—.340
—.302
—.233
—.049

113

MAX
—.170
—.393
—.431
—.489
—.537
—-.628
—.654
—.736
—.770
—.891
—.382
~.349
—.045

320

J11

MAX
—-.335
—.304
—.384
—.540
-.673
—.692
—.802
—.847
—.562
—.322
—.203
—-.074
—.002

.085

.068

CPLOWER - - - - -
MIN SIGMA
—.334 .008
—.440 .009
-.552 .011
—.668 .010
-.725 .010
—-.770 .006
—.398 .086
—.229 .016
—.169 .019
—.003 .035

.261 .049
.320 .028

CPLOWER-----
MIN SIGMA
—.079 .013
—.314 .010
—.352 .009
—.433 .007
—.455 010
—.552 .009
—.587 011
—.672 .010
—-.739 .009
—.826 .008
—.223 .024
—.095 .038

.300 .054
421 .014
207 .014

CPLOWER - ----
MIN SIGMA
—.198 017
—.206 .014
—.308 .011
—.473 .009
—.585 .014
—.626 .009
—.713 .012
—-.770 .010
—.200 .059
—.087 .032

.063 .041
.209 .044
321 .047
319 .034
284 .029
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Table 11. Concluded
(ii) Tab point 114, M = 0.96, ¢ = 163.3 psf, o = 2°
ETA=707 = ----- CP UPPER - ---- ETA=707 = ----- CPLOWER-----

X/C 'MEAN MAX  MIN SIGMA X/C MEAN MAX ~MIN SIGMA
025 —.494 —.525  —.460  .009
087 —.647 —.686 —.623  .009
148 —.660 —.690 —.638  .008
209 —.667 705 —.643  .007 209 —318  —.359 -.204 .07
204 —.698 731 —.678  .006 294 —421  —461  -399 .01l
350 —.685 —.730 —.655  .009 350 —.543  —572  —518 .07
407  —746  —790 —.726  .007 407 —.65%6  —.705 —.632  .008
463 -788 —.830 —.765  .007 463 —727  —772 688  .008
519 —815 —.862 —.788  .007 519 —752  —784  —.732 000
579 —.833 880 —.806  .008 579 854  —-.888 —.828  .007
659 —.883 —.930 —.855  .007 659 —.875  —.910 —.801  .009
739 —.857 —.928 —.714  .028 739 —.388  —.437  —361  .010
819  —417 542 —294 036 819 —-33  -.377 -.302 .01l
899  —.313 389 —.249 019 899 —222  —288 —152  .018
990 —224 —318 —.160  .019 974  -.032  —.113 058  .026
ETA=87L ---.- CP UPPER.- - - - ETA=871  ----_ CP LOWER - - - - -
X/C "MEAN MAX  MIN SIGMA RIE™Mean  MAX ST VRN S1GMA
025 —.413 —.456 —.382  .007 025  —.061  —.111 —.022  .009
084 —673 712 —.649 007 084 —205  —340 —.274  .006
143 —698 —.730 —.668  .007 143 -.343  —377  —.322 007
202 —.678 -.703  —.659  .007 202 —415  —.445 -390 009
301 —710  —.740 —.691  .006 301 —450  —.d491  —.423 007
354 —.732 769 —.714 007 354 —544  —582  —518  .007
407 —732  —T713  —709 007 407  —573  —617  —552 007
460 -.769 —.800 —.748  .008 460  —-662  —.699 —.636  .007
513  -.823 —.88 —.803 .007 513 —723  —753 702  .005
566 —910 —.944 —.883  .007 566  —.828  —.861  —.808  .005
680 —.907 —.951 —.801  .008 680 —.893  —.925 —.873  .006
742 —873  —.975 439 085 742 -2 —770 -.387 072
830 —.397 482 —.295 025 830 —-351  -.392 —.310 .009
910 —.301 —.363 —.242 020 910 —-309  -.35 —.236 .015
990 —.196 —.264 —.122 023 975  —.147  —223 016  .033
ETA=972_  ----- CP UPPER.:: - - - ETA=972  ----_ CP LOWER - - - - -
X/C "MEAN MAX  MIN SIGMA X/C "MEAN MAX  MIN SIGMA
025 —614 —653 579  .009 025 —.188  -238 —.149 .01l
092 —.688 —.732 —.657 010 092 —.190  —.244 —.148  .009
126 —.714  —.755  —.691  .008 126 —295  —.333  —.260  .008
227  —790 .83 770  .006 227  —457  —495  ~.441 008
294 —819 .85 —.800  .009 294 586  —.626 —.562  .006
362 —.841 —871 —.818 .010 362 —.614  —.655 —.500  .009
430 —.838 —.82 —.807  .009 430  —706  —752  —.686  .007
497 —826 .80 —.794  .007 497  —775  —818  —.753  .008
565 —.799 —842 —.600 .02 565 —.866  —.893 —.848  .007
632 —550 —.80 —.281 078 632 —974 —1014 632  .026
700 —.284 —.448  —.085  .046 700 —.424  —.564 —.345 024
767  —225 —328  —.068  .039 767 —.344  —d424 275 021
835 —.164 —.259 —.061  .027 835 —.253  —.339 -.165  .028
902 —.151 —272 —.038 .034 902  —.143  —233  —.037 027

990 —.067 —.307 .080 .047 973 017 —.102 214 .041



Table 12. Pressure Coeflicient Statistical Data for High Dynamic Pressure Test Conditions

(a) Tab point 303, M = 0.85, ¢ = 290.0 psf, a = —1°

ETA=707 ----- CP UPPER - - - - - ETA=707 =---- CPLOWER - ----
XJC "MEAN MAX ~ MIN SIGMA X/C 'MEAN MAX ~ MIN  SIGMA
025 139 183  —.092 .013
087 428 469 —.386  .011
148 466 —495 —.419  .009
200 340 392 —.282 015 209 661 —.752  —.325  .070
204  -.406 —472  —305 023 294 586 —.708  —.261  .001
350 448  —492  -354 016 350  —497  —.803  —.299  .099
407 —538  —591  —.440 019 407 —601 —.819 —.275  .093
463 —585  —.651 —.353 .02 463 525  —.819  —.258  .092
519 554 635 —.226  .037 519 —338  —.520 —.165  .052
579  —614 —736 —.202  .093 579 198  —.287 —.040  .033
659 347 —722  —.128  .082 659 017 —.048 093 021
739 -343 —643  —125  .079 739172 116 226 017
819 239 -.380 107 .042 819 274 222 343 017
899  —076 —.152 017  .026 899 369 321 432 016
990 141 078 197 016 974 327 275 389 017
ETA=871 ---- CP UPPER - - - - - ETA=871  ----- CP LOWER - - - --
X/C "MEAN MAX  MIN SIGMA X/C "MEAN MAX  MIN SIGMA
025 —040 076  .008 .013 025 796 —-.829 —.747 011
084 —305 —-.335 276  .009 084 —891 —.937 —.800 .020
143 305 351 —.211 018 143 —761  —.822  —.685  .020
202 -330 385 -.273 014 202 733 —.909  —.495 092
301 —.344  —.442 —181 027 301 —593  —730 —.295 090
354 379  —461 —.196  .035 354 516 —.799  —.193 .11l
407 433 —504  —.228  .043 407 —470  —.749 -84  .084
460  —470 -582 —.213  .063 460  —484  —-726 —.231  .088
513 —481 637 —.197  .083 513  —345 —.551  —.158  .062
566 —543 —774 179 110 566  —.226 —.343 —.080 .04l
680 361 —.566 —.155  .067 680 024  —.039 078 018
742 —295 —.446 —.151 046 742 129 056 196 019
830 —152 —.245 —.065 .026 830 303 .243 358 016
910 —.083  —.149 000  .022 910 .33 286 385  .0l4
990 145 082  .199 017 975 253 212 293 013
ETA=972  ----- CP UPPER - - - - - ETA=.972 ----- CP LOWER - - - -
X/C "MEAN MAX ~ MIN SIGMA X/C "MEAN MAX ~ MIN SIGMA
025 —220 —.287 —.151 .02 025 -843 892 -810 .013
092  —379 —424 —.285 016 092 831 —.894 —.367  .039
126 —478  —533 —.343 019 126 766  —.892  —.402  .085
227 507 —.593  —.268  .051 227 512 —790 -.328  .075
204  —383 —.583 175  .087 294 330 595 —.144 059
362 —345 —617 —.127  .065 362 280 —478  —.111  .056
430  -322  -490 —.114  .063 430 203 438 —.129 048
497 245 355 —.156  .032 497 249 —355  —.129 .04
565  —.230 —.366 —.045  .050 565  —.141 —.223 —.042  .028
632  -246 354 —.124  .037 632 027  —.102 045 022
700 —.167 —.288  —.046  .036 700 135 079 202 019
767 —162  —.246  —.047 027 767 242 196 298 013
835 —.062 -.117 013 .02 835 200 242 370 017
902 057 -.123 021  .020 902 302 250 367 .04

.990 104 025 196 .022 973 234 .184 303 .016
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ETA=.707
X/C  MEAN

025  —.144
087  —.432
148 —.448
209 —.347
204 —.459
350  —.466
407 —.546
463 —.608
519 —.583
579 —.677
659  —.667
739 —.303
819  —.177
899  —.035
990 145

ETA—.871
X/C T MEAN
025  —.038
084  —.308
143 —.299
202 —.337
301 —.399
354 —.413
407 —.454
460  —.512
513 —.574
566  —.734
680  —.364
742 —.260
830  —.116
910  —.043
990 153

ETA=.972
X/C ~MEAN
025 —.220
092 —.353
126 —.477
227 —.553
294 —.530
362 —.600
430 —.476
497 -.216
565  —.181
632 —.216
700 —.149
767 —.147
835  —.048
902 —.047
990 105

Table 12. Continued

(b) Tab point 304, M = 0.88, ¢ = 303.7 psf, a = ~-1°

----- CP UPPER .- ---
AX ~ MIN SIGMA
~192 -.099 013
—460  —.409  .008
484 —417 012
-391 -314 013
—502 —.405  .016
~521 —.401  .022
—-587 —507 011
645 —.564 014
635 —.516 017
795  —.594 018
~736 —.162  .070
_763 —.108  .096
345 —.061  .043
—.145 045 028
.098 194 015
----- CP UPPER - - - - -
MAX ~ MIN  SIGMA
—.079 —.004 012
~353 —.280 .010
~33 —.263 011
374 —.308  .008
~500  —.329  .026
_464 —.334 018
516 —.350  .023
572 —.421 018
626 —.334  .020
_780  —.264 045
—754 —125 110
507 —.115  .060
—234  —.027 032
—.131 047 029
.090 213 019
----- CP UPPER - - - - -
MAX ~ MIN  SIGMA
~303 -.139 .02
382 —.318  .008
~500 —.435  .010
—611 —.470 031
—604 —.470  .017
—669 —.179  .048
~695  —.097  .163
638 -.086 .064
—.361 008  .059
349  —.065 .045
287 —.020 .040
~229  -.023 029
— 111 036 .021
—.106 026 .020
030 182 .022

ETA=.707
X/C MEAN

.209
294
.350
.407
.463
.519
579
659
739
.819
.899
974

ETA=.871
X/C "MEAN

025  —.736
084 —.874
143 —.808
202 —.911
301  —.835
354 —.849
407 —.697
460  —.411
513 —.282
566  —.175
680 049
742 148
830 321
910 350
975 262
ETA=.972

X/C "MEAN
025  —.782
092 —.806
126 —.819
227 —.883
204  —.830
362 —.193
430 —.151
497 —.168
565  —.101
632 —.002
700 146
767 261
835 328
902 320
973 236

—.694
—.811
—.760
—.897
—.684
—.280
—.160
.014
157
263
364
326

----- P LOWER
MAX MIN
—.724 —.660
—.847 —.748
—.819 —.662
—.957 —.421

—1.037 —.207
—.575 —.140
—.290 —.043
—.046 077

.087 216
195 327
.306 430
.269 .406

----- PLOWER
MAX MIN
—.767 —.702
—.906 -.835
—.845 —-.767
—.944 —.868
—.802 —.764
—-.901 —.310
—.801 —.147
—.903 —.169
—.592 —-.113
—.305 —.048
—-.009 119

.084 218
.276 .386
.297 409
224 314

----- P LOWER
MAX MIN
—.834 —.744
—.848 —.751
—.898 —.743
—.940 —.824

—1.004 —.201
—-.533 —.018
—.394 .013
—.327 —.018
—.195 .025
—.068 .084

.092 210
.216 .308
277 383
.280 .368
187 312

SIGMA

.010
.013
.016
037
225
.052
.034
.020
.018
.018
.017
.018

.010
.010
.012
011
.018
.042
.182
121
.063
.042
.020
.019
.016
.014
.013

.014
.016
.028
.018
161
071
.050
.045
032
.023
.019
013
.016
.014
.016



ETA=.707
X/C '~ MEAN
025  —.190
087  —.408
148 —.471
209  —.394
294 —.481
350 —.510
407 —.601
463 —.607
519  —.608
579 —.702
659  —.698
739 —.264
819  —.118
899 —.008
990 083
ETA=.871
X/C " MEAN
025 —.102
084  —.370
143 —.321
202 —.358
301 —.517
354 —.522
407 —.541
460  —.580
513 —.621
566  —.759
680  —.608
742 —.269
830 —.074
910 017
1990 134
ETA=.972
X/C TMEAN
025  —.301
092  —.376
126 —.482
227  —584
294 — 644
362 —.688
430 —.694
497 —.681
565  —.249
632 —.088
700 —.048
767 —.078
835 002
902  —.008
990 142

Table 12. Continued

(c) Tab point 310, M = 0.90, ¢ = 318.4 psf, a = —-1°

----- CP UPPER-----
X MIN  SIGMA
—266 —.128  .026
-460 —.384 013
~531  —.419 018
—441  —347 014
-517  —430 012
-557  —.453 017
—648 —511 020
—660 —.560  .015
—654 —557  .014
-741 —659  .011
-762 —.259 077
—-772  —.103  .001
-269 —.014 .036
—.106 071 .024
—.069 169 .032
----- CP UPPER-----
MAX =~ MIN  SIGMA
—174 042 021
—412  —.326 016
—421  —235 045
-.385  —.334  .007
-557 —472 014
588  —.442 029
-591  —.470  .020
—642  —500  .024
—686  —.547 024
—830 —.600  .021
790  —.141 157
~-560 —.110  .066
— 167 020 .027
—.062 084 .02
019 203 .025
----- CP UPPER - ----
MAX ~~ MIN SIGMA
~391  —.213 028
—-.436  -.309  .019
518 —.437  .0l4
—626 —.540 013
—687 —.508  .013
—769  —.600  .031
~756 —.625  .023
-779 —.153  .083
—767  —.009  .164
—.232 023 .035
—.206 071 037
182 026 .031
—.072 091 024
—.073 079 .022
018 243 .030

ETA=.707

X/C 'MEAN
209  —.656
294 —.762
350  —.761
407 —.883
463 —.954
519  —.316
579 —.255
659  —.231
739 —.171
819 —.069
899 116
974 221
ETA=.871

X/C "MEAN
025 —.607
084  —.744
143 —.701
202 —.819
301 —.780
354 —.822
407 —.824
460  —.767
513 —.335
566 —.213
680  —.071
742 002
830 127
910 187
975 199
ETA=.972

X/C "MEAN
025 —.670
092 —.681
126 —.684
227 —.802
294 —.904
362 —.649
430 —.273
497 —.145
565  —.046
632 —.006
700 100
767 164
835 205
902 221
973 219

----- CP LOWER
MAX MIN
—.679 —.629
—.798 —.724
—.825 —.709
~-.907 —.848
—1.005 —.456
—.705 —.193
—.379 —-.154
—.356 —.066
—.329 .078
—.263 246
—.088 458
.038 442

————— CP LOWER
MAX MIN
—.652 -.550
-.797 —.678
—.749 —.664
—.867 —.788
—.822 —.740
—.859 —.783
—.861 —.772
—.954 —.254
—.796 —.144
—.378 —.084
—.217 .050
—.186 138
—.099 300
—.026 351
.044 299

----- CP LOWER
MAX MIN
—.726 —.629
—.760 —.520
—.758 —.529
—.841 —.764
—.952 —.854
—.899 —.235
—.483 —.067
—.301 —.023
—.248 .098
—.234 131
-.131 243
—-.029 277
—.087 .388
—-.007 .345
.027 330

SIGMA

007
.010
.022
.009
061
.052
.034
.042
.055
.075
.089
.067

SIGMA
017
020
.013
011
.011
011
.012
170
.069
.043
.045
.054
.064
.064
.037

.014
.034
.031
.013
.014
.186
.047
.044
042
.044
.055
057
077
.061
.041
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ETA=.707

X/C ' MEAN
025  —.248
087 —.449
148 —.518
209 —.458
204 —.466
350  —.519
407 —.622
463 —.643
519 —.633
579 =717
659  —.515
739 —.201
819  —.133
899 —.087
990  —.059
ETA=.871

X/C ~ MEAN
025  —.170
084  —.436
143 —.438
202 -.378
301 —.501
354 —.54l
407 —.567
460 —.617
513 —.664
566  —.800
680  —.632
742 —.333
830  —.145
910 —.062
990 044
ETA=.972

X/C " MEAN
025 —.362
092 —.425
126 —.514
227 —.588
204 —.640
362 —.727
430 —.720
497 —.723
565  —.432
632 —.168
700 —.071
767 —.050
835 022
902 012
990 082

Table 12. Continued

(d) Tab point 311, M = 0.92, ¢ = 325.6 psf, a = —1°

CP UPPER
MIN

—.168
—.381
—.467
-.370
—.436
—.491
—.575
—.586
—.576
—.661
—.178
—.106
—.046
—.006

043

CP UPPER
MIN

—.046
—.350
—.251
—.299
—.462
—.460
—.492
—.529
—.573
—.705
—.203
—.150
—.036

033

177

CP UPPER
MIN

—.209
—.313
—.417
—.523
—.585
—.619
—.633
—.365
—.109
—.022
.053
.088
122
120
253

SIGMA
.019
018
016
024
.010
.010
.014
.019
016
.015
151
.035
.022
.025
.032

SIGMA
.038
.028
.060
.052
.014
018
.020
.022
.024
024
173
116
.034
.036
.043

SIGMA
.044
.042
.049
.036
.019
.022
.022
.041
178
.045
.041
.030
027
.031
.054

ETA=.707

X/C MEAN
209  —.6l1
204 —.699
350  —.707
407 —.845
463 —.945
519 —.528
579 —.327
659  —.328
739 —.306
819 —.270
899  —.146
974  —.011
ETA=.871

X/C ~MEAN
025 —.493
084  —.631
143 -.625
202 —.761
301  —.7%5
354 —.769
407 —.778
460  —.808
513 —.408
566 —.27T7
680  —.224
742 —.181
830  —.089
910  —.010
975 082

ETA=.972
X/C "MEAN

.025 —.592
.092 —.500
126 —.549
227 —-.741
.294 —.852
362 —.684
430 —.284
.497 —.214
.565 —.153
632 —.152
.700 -.076
167 —.033
.835 —.007
902 .024
973 100

MAX

—.643
—.759
—.802
—.882
—.978
—.974
—.445
—.441
—.425
—.413
—.295
—.161

MAX
—.593
—.729
—.705
—.820
—.792
—.830
—.831
—.917
—.860
—.417
—.311
—.323
—.261
—.218
—.113

MAX
—.671
-.711
—.720
—.801
—.904
—.868
—.577
—.322
—.298
-.333
—.269
—.204
—.233
—.143
—.121

LOWER - - - - -
MIN ~ SIGMA
— 556  .013
-599 024
—656  .024
—.819  .009
~.898  .009
~.226 178
—-.195  .036
~.196  .033
—.180  .037
.08  .039

035 .041
186 .049

CPLOWER - ----
MIN  SIGMA
—.404  .032
—.558  .029
565  .019
-710 014
~ 633 025
—.680  .026
— 613 .022
_ 248 129
—.187 131
—.146  .041
—.118  .032
—.029  .042

124 .059
244 074
282  .057

CPLOWER - - - - -
MIN  SIGMA
— 519  .024
338  .093
—470 056
682  .018
—-776 020
~219  .163
—148 043
—-.093  .035

024 .046
040 052
123 .059
170 .048
248  .068
212 .057
344  .065



Table 12. Continued

(e) Tab point 195, M = 0.80, ¢ = 260.2 psf, @ = 0°

ETA=7Q7 ----- CP UPPER - - - - - ETA=707  ==-<- CPLOWER - - - -
X/C 'MEAN MAX  MIN SIGMA XJC™MEAN  MAX N STGRA
025 —388 —.448 —.305  .021
087 —579 —.636 —.470 021
148 —552 —.624 —.350 033
209 —.396 —.443  —.302 021 209 —359 —.437  —.227 029
294  —443 546 —.201  .054 204 —397 .48  -.272 033
350 —454 —.541  -.268  .047 350 —.394 .48 —.266  .031
407 —536 —.665 —.268  .065 407 —457 —557 —.313 036
463 —534 —.699 —.305 072 463  —.410 —505 —.204 .03l
519 —457 —.648 —.186  .084 519 —.284 —.368 —.171  .028
579  —448 —.640 —.185 072 579 —177 -.257 —.094 023
659 —372 517  —.209 .05l 659 016 —.047 083 .018
739 —.339 488 —.186  .046 739 185 136 245 015
819 248 -.335 —.153  .030 819 313 .26l 362 014
899  —.092 —.156 —.028 .02l 899 411 364 456 014
990 124 068  .173  .0l4 974 338 203 394 014
ETA=87L  ---2- CP UPPER.- - ETA=871 _ ----- CP LOWER - - - -
X/C ~MEAN MAX  MIN SIGMA X/C~ MEAN MAX = MIN SIGMA
025 —287 —.340 -.226 017 025 —454 526 373 023
084 —473 —511  —.445 009 084 —467 -.518 —.408 017
143 —415 483 320 025 143 —398 —450 —.339 017
202 —.404 —450 —.339 017 202 —452 —-517  —-.380 024
301 —.375 —.468 —.189  .038 301 —.396 —471  —.272 032
354  —396 —.514 -.178  .050 354 —.386 —.483 —.269  .034
407 —434  —555 —.234 045 407  —358 —.472  —.219 032
460 —-.450 —.564 —.218  .051 460 397  —503  —.284 032
513  —.443  —.628 —.219 059 513  —307 —414 183 031
566 —.d481  —.653 —.277  .053 566 —222 289 —.129 025
680 —.367 —.469 —.220 .035 680 007 —.037 068 016
742 -.320 —.403  —215 027 742 113 063 .176 016
830 —.193 252 —.121  .020 830 314 271 361 .013
910 —.098 -.145 —.042 016 910 332 201 388 .013
990 147 105 201 014 975 243 203 281 012
ETA=972  ----- CP UPPER - - - - - ETA=972 =<-<- CP LOWER . -- -
X/C “MEAN MAX  MIN SIGMA X/C "MEAN MAX  MIN SIGMA
025 —499 —571  —.413 024 025 —.625 —.734 —.495 036
092 -502 —574 —-371 026 092 -319 .38 -.209 .029
126 —507 —.614 —.289 041 126  -.328 —.427  —214 032
227 —413 —536 —.239  .040 227  —.393 —447 -339 017
294  —.334 —433 —.209 034 294  -332  —.395 —.261 022
362 —.336 —.448 —.195 035 362 —.259 —.349 137 029
430 —.312  —.406 —.206  .032 430 -271 -350 171 028
497 —241 —-335 -.174 021 497  —227  -307 —.103  .024
565 —.232 —.329 —.117  .030 565 —.138  —.200 —.068  .021
632 —234 -304 —.152 025 632 —.047 —.107 023 019
700 -.161 —.245 072 026 700 108 049 167 017
767 —.166 —.235 —.098  .023 767 226 185 272 013
835 —075 —.123 —.013 018 835 280 221 344 016
902 -.076 —.130 —.010 .017 902 285 231 340 014

.990 .085 021 .166 .021 973 216 .166 .265 .016



Table 12. Continued
(f) Tab point 196, M = 0.85, ¢ = 283.4 psf, & = 0°

72

ETA=7Q7 = ----- CP UPPER--- - - ETA=707  ----- CPLOWER . - - --
X/C "MEAN MAX ~ MIN SIGMA X/C" MEAN MAX MIN SIGMA
025 —.298  —.349  —.256  .013
087  —520 —.547  —.499  .007
148 —.547  —.609 —.495  .019
200 —.417  -.460 -.366  .013 200 —.410 564 —.196  .061
294  —516 —.574  —.404 027 294  —.489  —.623 273 .068
350 —.469 —.540 —.387  .019 350  —.473  —.623 275  .052
407 583  —.642 —.506  .024 407 553 —.753  —.251  .082
463 —.617 —.685 —.486  .026 463 —.467  -.699  —-.227 067
519 603 —.668 —.504  .024 519 —.305 459 151  .043
579 —.728  —.777 164  .034 579 —.183 —.270 —.064  .030
659  —.437 —.782 088  .154 659 022 —.043 102 021
739 —.300 —.670 —.067  .075 739 189 137 250 017
819 —.215 —.376 —.066 .04l 819 3001 252 351 .0l4
899 —.061 —.137 024  .025 899 400 358 454 014
990 141 092 208  .016 974 344 204 398 015
ETA=87L = ---<- CP UPPER-- - - - ETA=87L .. CPLOWER - - - -
X/C T MEAN X~ MIN  SIGMA X/C "MEAN MAX ~ MIN SIGMA
025 —.200 —.244 152 014 025 585 -.637 —.503  .023
084  —455 —.481 —.427  .008 084  —.642 705 578  .020
143 —399  —437 354 010 143 -.525  —611 —.458 027
202 —.420 464 -.388 012 202 -.567  —.652 —.424 037
301 —549 —614  -.220  .060 301 —.484  —.620 256  .073
354 —.408 —.547  —.176 .06l 354 —.421  —671 210  .060
407 -432  -510 -.233 028 407 —.454  —.566  —.245 048
460  —.554  —.619 —.248 043 460  —.490  —730 —230  .092
513 —.581  —.733  —.170  .115 513 -.328 510 —.103 057
566  —.559  —.869  —.195  .152 566 —.227  —.351  —.064  .037
680 358 585  —.150  .072 680 018 03¢  .002 017
742 301 —.469  —.167  .047 742 126 071 214 018
830 —.171 -.270 -.067 .028 830 317 272 390 015
910 —.072 —-.140  .000 .02 910 341 286 400 014
990 161 109 216 017 975 260 222 204 012
ETA=972 ----- CP UPPER----- ETA=972 ----- CP LOWER.- - - - -
X/C “MEAN MAX  MIN SIGMA X/C "MEAN MAX ~ MIN SIGMA
025  —.424  —.488 361  .019 025 —.749  —790  —.661 018
092 —455 —502 —.409  .012 092 —.409  —461 247 029
126 —572  —.619 430 016 126 —.499 576 —.368  .027
227 —.627 710 -.280  .064 227 —.591  —.703 454 .049
294 —.345 715 —.148  .007 294  —337  —541  -227 045
362 —.342  —.491 136  .065 362 —.265 —.446 -.095 052
430 -.330 507 128  .063 430  —.285 —.423 132 045
497  —.246  -357 —.160  .032 497 -.233  -332 107 .035
565  —.232  —.375  —.065  .049 565  —.134  —.228  —.049  .027
632 -.23 349 120 .037 632 030 -.099 053 .022
700 —.161 —.301 —.028  .035 700 128 069 213 .020
767 —.158  —.240 —.048  .028 767 240 201 287 .013
835  —.063 —.113 —.005 .020 835 291 228 354 016
002 -.058 119 022  .020 902 298 262 350 .015
990 105 038 .18  .022 973 232 .182  .304 016



Table 12. Continued
(g) Tab point 197, M = 0.88, g = 297.9 psf, a = 0°
ETA=707 = ----- CPUPPER----- ETA=707 = ----- CP LOWER-----

X/C ~MEAN MAX MIN SIGMA X/C ~MEAN MAX MIN SIGMA
.025 —.266 —.320 —-.214 017
.087 —.453 —.497 —.434 .007
148 —.550 —.585 —-.516 .007
.209 —.416 —.461 —.376 .010 209 —.549 —.596 —.495 .014
294 —.513 —.546 —.459 .011 294 —.640 —.700 —.531 .035
.350 —.531 —.572 ~.490 .011 .350 —.699 —.734 —.338 .022
407 —.601 —.669 —.558 .016 407 —.686 —.018 —.216 .188
463 —.646 —.688 —.604 012 463 —.438 —.878 —.170 .108
.519 —.629 —.664 —.566 .016 519 —.296 —.540 —.109 .060
579 -.711 —.751 —.664 012 579 —-.176 —.274 —.039 .033
.659 —.735 —.785 —-.276 035 .659 018 —.047 085 .021
739 —.308 —.807 —.110 .098 .739 180 124 .238 .017
.819 —.153 —-.287 —.045 034 .819 287 228 334 .015
.899 -.017 —.107 .064 .023 .899 387 335 432 .015
.990 133 .076 .186 016 974 333 .285 .396 .015
ETA=871 = ----- CP UPPER----- ETA=871 = ----- CPLOWER - ----
X/C MEAN MAX MIN SIGMA X/C MEAN MAX MIN SIGMA
.025 -.137 ~.180 —.098 013 .025 —.612 —.655 —.557 016
.084 —.406 —.440 —.389 .008 .084 -.713 —.761 —.664 017
.143 —.342 -.376 -.319 .008 .143 —.688 —.727 —.630 013
.202 —.403 —.435 —-.381 .006 202 —-.794 —.854 —.518 .049
301 —.533 —.563 —.499 .009 301 -.614 =779 -.231 .069
354 —.600 —.634 —.544 .014 354 —.534 —.726 —.135 .145
407 —.528 —.625 —.462 017 407 —.407 —.753 —.120 114
.460 —.548 —.595 —.430 .016 .460 —.544 —.793 —.225 .092
513 —.650 —.703 -.370 .020 513 —.367 —.755 —.109 116
.566 —.783 —.854 —-.214 .039 .566 -.211 —.357 —.072 .043
.680 —.331 —.780 —.086 110 .680 031 —.021 .088 018
742 —.237 —.434 —-.088 050 .742 136 .080 .203 018
.830 -.123 —.226 —.027 .032 .830 322 .264 371 .016
910 —.034 —.109 .036 .024 910 .348 .290 .399 .015
.990 171 110 229 017 975 270 229 314 .012
ETA=972_ = ----- CP UPPER - - - - - ETA=972 = ----- CPLOWER - - ---
X/C ~MEAN MAX MIN SIGMA X/ MEAN MAX MIN SIGMA
025 —.355 —.418 —.286 .018 .025 —.716 —.752 —.666 .012
.092 —.409 —.454 —.372 014 .092 —.562 —.754 —.212 .094
126 —.506 —.542 —.479 .010 126 —.563 —.729 —.362 047
227 —-.642 —.669 —.612 .009 227 —.686 —.793 —.574 .056
294 —.680 —-.716 —.633 013 294 —.639 —.883 -.211 138
362 —.683 —.764 —-.136 .082 362 —.202 —.782 —.024 .089
430 —.357 ~.755 —.093 172 430 —.229 —.444 —.035 .062
497 —.180 —.375 —.087 .040 497 —.209 —.346 —.060 .041
.565 —.181 —.362 —.004 .053 .565 —.118 —.217 -.011 .029
.632 -.203 —.344 —.072 .041 .632 ~.015 —.088 .074 .023
.700 —.140 —.274 —.009 .038 .700 140 083 .208 .019
767 —.139 —.228 —.029 029 767 .254 .209 .302 .014
835 —-.047 —-.107 .025 021 .835 309 .253 .366 017
902 —.045 —.102 .044 .020 .902 313 261 .369 .015

990 112 .053 214 .022 973 241 191 301 017



74

ETA=.707

X/C = MEAN
025  —.285
087  —.4T1
148 —.546
209  —.503
294  —.494
350  —.528
407 —.664
463 —.659
519 —.647
579 —.721
659  —.724
739 —.253
819 —.119
899  —.001
990 104

ETA= 871
X/C ~ MEAN
025  —.161
084  —.429
143 —.310
202 —.370
301 —.602
354 —.572
407 —.600
460  —.584
513 —.659
566  —.818
680  —.548
742 —.255
830  —.086
910 .005
990 148

ETA=.972
X/C ~ MEAN
025  —.363
092 —.409
126 —.477
227 —.602
294  —.688
362 —.731
430 —.734
497 —.579
565  —.159
632 —.004
700 —.062
767 —.086
835  —.012
902 —.021
1990 123

~(h) Tab point 199, M = 0.90, g = 308.6 psf, a = 0°

MIN  SIGMA
~320 -.240 012
—508 —.430 .013
~592 -510 .014
~537 —450 .015
—527  —.449 012
558  —.496  .008
—~697 —623 012
_710 -.618 015
—686 —.602 .014
_765 —674 016
— 786  —.323  .067
—~649 —.106  .066
~237 —.020 .033
—.086 062 021
—.027 168 .024
----- CP UPPER - - ---

AX 7 MIN SIGMA
—236 —.004  .022
486 —.38  .018
_ 480 —.232 044
~397 —.286  .011
— 656 —.482  .033
612 —537 010
—655 —.519  .022
657 —.508  .024
—702 —604 014
889 —.738  .020
_810 -.1290 179
_567 —.091 057
~.178  —.003  .027
~.059 064  .020
.060 216  .023
----- CP UPPER-- - - -

MA MIN  SIGMA
_437  -281 025
~473 -359 017
_563 —.440  .017
635 —.568  .009
726  —.645 012
_782  —-675 .017
~791 —421 022
~793  —.096  .159
— 685 008 077
—.245 024 036
—.189 044  .038
—.182 011 031
—.080 059 023
—.076 054 .021
051 217 021

CP UPPER

Table 12. Continued

ETA=.707

X/C  'MEAN
209 —.574
©204  —.632
350  —.694
407  —875
463 —.934
519  —.316
579 —.175
659  —.081
739 028
819 137
899 281
974 291

ETA=.871
x?c MEAN

025 —.540
084  —.669
143 —.660
202 795
301 —.746
354 —.724
407 —.699
460  —.767
513 —.450
566 —.181
680 031
742 132
830 315
910 348
975 261
ETA=.972

X/C MEAN
025  —.653
092 —.550
126 —.573
207 —.763
204  —.840
362 —.719
430 —.187
497 —.104
565  —.054
632 016
700 154
767 257
835 308
902 308
973 246

MAX

MAX
—.696
—.716
—.698
—.805
—.898
—.893
—.464
—.259
—.168
—.062
.069
173
181
218
190

P LOWER
MIN

SIGMA
—.523 017
—.583 .012
—.663 .010
—.836 .010
—.848 .010
—.166 .064
—.074 .033
.030 .041
.160 .050
.299 .050
423 .046
422 .034
CPLOWER - - - - -
MIN SIGMA
—.479 017
—.618 .015
—.614 .010
—.755 .012
—.650 .015
—.565 037
—.467 .036
—.228 .063
—.095 .165
—.059 .039
.090 .019
.208 .019
374 .019
402 .017
314 .015
CPLOWER - - - --
MIN SIGMA
—.607 .014
—.334 .066
—.479 .043
—.714 .014
—.700 .019
—.070 183
—.028 .060
029 .036
.042 .034
.106 .022
212 017
.303 017
371 .021
.362 .018
313 .017



ETA=.707
X/C ' MEAN
025 —.292
087  —.532
148 —.561
209 —514
204 — 526
350  —.554
407 —.660
463 —.714
519 —.690
579 —.744
659  —.426
739 —.196
819 —.141
899 —.090
990  —.025
ETA=.871
X/C ~ MEAN
025 —.239
084  —.504
143 —513
202 —.308
301 —.587
354 —.747
407 —.622
460  — 618
513 —.690
566 —.830
680  —.445
742 —.254
830  —.101
910  —.007
990 109
ETA=972
X/C ~MEAN
025  —.430
092  —514
126 —.610
227 —.590
204 — 671
362 —.721
430 —.734
497 —.723
565  —.474
632 —.138
700 —.036
767 —.021
835 043
902 037
990 148

----- CP UPPER - - - - -
X MIN  SIGMA
—328 —.267  .010
558 —.483  .013
—607 —.522  .017
—-543  —.485 009
—561  —.496  .009
~-574  —.525 008
—688  —.633  .008
—~756  —.678  .010
~731 —639 012
—78 —.704 015
—774  —.193 136
—290 —.087  .027
214  —.053  .023
—.194  —.017 028
—.167 072 031
----- CP UPPER - - - - -
MAX ~ MIN  SIGMA
—284 —.179 016
—536 —.466  .010
576  —.448 019
488  —.306  .027
~-617  —.558  .009
780 —.701 012
—685  —.553  .021
—675 —.568  .014
—721  -637 011
—889 —.780  .021
—819  —.235 132
—~429  —.160  .033
—173  —.020  .028
—.119 079 .032
—.015 187 032
----- CP UPPER - - - - -
MAX ~ MIN  SIGMA
—489  —.376 017
—581 —.443 023
—666 —.421 030
—-768  —.530  .043
-727  -638 014
765  —.683 .01l
—795  —681  .015
—770 —.616 018
—811  —085 .184
~.306 000 055
—.178 065  .039
-.102 048 .024
-.033 125 .021
—.030 129 .024
061 222 .023

(i) Tab point 202, M = 0.92, ¢ = 317.8 psf, o = 0°

Table 12. Continued

ETA=.707

X/C 'MEAN
209 —516
294 —.594
350  —.645
407 —.832
463 —.901
519 —.640
579 —.292
659  —.286
739 —.241
819  —.172
899 007
974 147
ETA=.871

X/C  MEAN
025  —.429
084  —.568
143 - 581
202 —.726
301 —.682
354 —.682
407 —.679
460  —.772
513 —.638
566 —.244
680  —.163
742 —.111
830  —.013
910 060
975 138

.025 —.558
.092 —.365
126 ~—.500
227 —.701
294 —.795
.362 —.799
430 ~.677
497 —.216
565 —.110
.632 —.058
.700 .063
767 148
.835 198
.902 231
973 231

MAX

—.564
—.630
—.672
—.861
—.920
—.928
—.400
-.374
—.352
~.308
—.125

.010

MAX
—.471
—-.606
—.613
—.756
—.724
—.746
—.734
—.803
—.882
-.357
—.260
—.233
—.157
—.105
—-.015

—.601
—.472
—.525
—.737
—.828
—.845
—.867
—.318
—.249
—.234
—.126
—.034
—.015

105

.081

—.464 .020
—.566 .010
—.622 .007
—.812 .006
—.877 .006
—.258 170
—.195 .032
—.195 .028
—.134 .031
-.006 .040
.191 .049
.355 .051
CPLOWER - - - --
MIN SIGMA
—.380 013
—.538 .011
—.551 .010
—.700 .009
—.607 .016
—.614 .019
—.639 .019
—.744 .009
—.208 169
—.100 .036
—.051 .034
.052 042
227 .054
317 .063
.305 .044
CPLOWER - - - --
MIN SIGMA
—.521 012
—.319 025
—.470 .009
—.660 011
—-.751 012
—.705 .021
—.253 148
—.084 .032
013 .041
.069 047
.260 052
283 .046
394 058
352 .043
.368 .036

75



ETA=.707
X/C  MEAN

----- CP UPPER - - - - -
MAX ~ MIN  SIGMA
—344  —264 012
540  —.499 007
—614 —567  .005
~-566 —.510  .009
—580 —.527  .008
588 —.545  .007
677 —634  .005
—732 —694  .005
—723  —681  .006
787 —.745  .005
~553 —.198 040
302 —.111 021
—266 —.137  .020
~.263 —.108  .020
-.339  -.077  .037
----- CP UPPER - - - - -
IAX = MIN  SIGMA
~323 —.259  .012
—561  —.498  .010
—609 —.542 013
~599 —.549  .008
578 —.501  .016
—722  —684  .005
—~801 —721 011
—757 —.685  .013
—746  —692  .010
886 —.836  .008
—798  —.202  .099
—394 —.266  .018
~293  —.156  .019
—208 —.072  .022
—.161 029 025
----- CP UPPER- - - - -
MAX = MIN  SIGMA
—547  —.421 018
— 573  —.520  .008
—676  —.613  .009
—774 =717 009
790 —.682  .018
~798 —.714 015
—~807 —.744 010
-788 —.708 010
—806 —.239 131
329  —.142 025
—254  —.068 .028
—.238 025 035
—.130 077 031
—.135 172 .040
—.170 204  .043

Table 12. Continued

(j} Tab point 204, M = 0.94, ¢ = 328.3 psf, a = 0°

ETA=.707

X/C 'MEAN
209  —.425
294 —.541
350  —.585
407 =770
463 —.833
519 —.853
579 —.047
659 —.432
739 —.383
819  —.353
899 —.240
974 —.087

ETA=.871
X/C MEAN

025 —.303
084  —.476
143 —.492
202 -.631
301 —.547
354 —.595
407 —.634
460  —.735
513 —.822
566 —.677
680  — 311
742 —.286
830  —.244
910 —.208
975  —.085
ETA=972

X/C "MEAN
025 —.464
092 —.312
126 —.430
227 —.601
204 —.723
362 —.700
430  —.780
497 —.797
565  —.303
632 —.283
700 —.223
767 —.17T8
835  —.098
902 012
973 177

MAX

—.465
—.569

—.607

—.791
—.854

—.877

—.963

—.498
—.340
—.466
—.649

—.754

—.742
—.812
-.876
—.439
—.395
—.335
-.271
—.274
—.148

.016

—.406 .008
—.512 .008
—.564 .006
—.749 .005
—.813 .007
—-.835 .006
—.615 .018
—.351 .023
—-.319 .020
~.271 .023
—-.127 .027
.063 037
CPLOWER - ----
MIN SIGMA
—.252 015
—.449 .010
—.467 .008
-.590 .010
—.520 .013
—.563 .007
—.613 .005
—.715 .005
—.807 .007
—.261 .207
—.226 .029
—.186 .031
—.116 .034
—.064 .035
.047 .030
CPLOWER - ----
MIN SIGMA
—.409 012
—.293 .007
—.402 .010
—.548 .015
—.679 .010
—.677 .010
—.758 .009
—.265 107
—.158 .042
—.150 033
—.081 .036
—.044 037
127 .055
167 .047
351 053



ETA=.707
X/C ' MEAN

025  —.298
087  —.496
148 —.568
209 —.530
204 545
350  —.553
407 —.639
463 —.687
519 677
579 —.738
659  —.762
739 —.344
819  -.295
899 —.288
990  —.274

ETA=871

X/C ~ MEAN
025  —.301
084  —.540
143 —.582
202 —.572
301 —.530
354 —.640
407 —.679
460 —.725
513 —.734
566 —.847
680  —.862
742 -.632
830  -.337
910 —.300
990  —.207

ETA=.972

X/C ~MEAN
025  —.501
092 —.549
126 —.628
227 730
294 —.748
362 —.788
430 —.767
497 —.752
565  —.793
632 —.804
700 —.329
767 —.268
835 —.211
902 —.221
990  —.158

(k) Tab point 205, M = 0.96, ¢ = 336.7 psf, a = 0°

----- CP UPPER
MA
—.336 —.267
-.512 —.481
-.583 —.553
—.557 —.512
—.565 —.530
—.573 —.537
—.660 —.623
-.713 —.666
—.695 —.659
—.758 —-.721
—.783 —.643
—.580 —.253
—-.369 —.233
—-.339 —.240
—.372 —.208
————— CP UPPER
AX MIN
—.320 —.283
—.567 —.526
—.604 —.564
—.584 —.557
—.554 -.517
—.657 —.625
—-.703 —.662
—.748 —.718
—.759 —.712
—.864 —.835
—.883 —.836
—.883 —.385
—.382 —-.201
—.358 —.256
—.300 —.147
————— CP UPPER
AX MIN
—.533 —.472
-.590 —.517
—.644 —.608
—.7585 —.715
—-.775 —.728
—.835 —.758
—.787 —.751
—.768 =737
—.812 —.786
—.829 —.540
—.542 —.227
—.363 —.202
—.281 —.154
—.297 —.147
—.384 —.004

Table 12. Continued

SIGMA
.010
.006
.005
005
.005
.004
.006
.006
.006
.003
.004
.039
.017
.015
.020

SIGMA
.006
.007
.005
.005
.005
.004
.004
.004
.008
.006
.004
.098
.014
.013
.020

SIGMA
.009
.014
.005
.005
.006
013
.004
.003
.004
.021
.043
024
.018
.022
.050

ETA=.707

X/C MEAN
209  -.382
204 —.504
350  —.542
407 —719
463 —.785
519 —.798
579 —.891
659  —.923
739 —.856
819  —.417
899  —.283
974  —.126
ETA=871

X/C "MEAN
025  —.218
084  —.407
143 —.428
202 —.552
301 —.488
354  —.556
407 585
460  —.682
513 —.768
566  —.877
680  —.947
742 —916
830  —.456
910  —.397
975  —.245

ETA=9

X/C VEAN
025  —.371
092  —.255
126 —.356
227 —511
204  —.645
362 —.649
430  -.726
497 —.810
565  —.832
632 —.476
700 —.401
767 —.363
835  —.356
902  —.323
973 —.200

----- PLOWER.- - --
MAX = MIN  SIGMA
-401 -.359 006
_530 —.485  .006
-566 —.524 007
~746  —.700  .006
_808 —.772 .05
-820 —.779 005
~910 -—.876  .003
-934 —.902  .006
911 —616 046
451 —.384 010
-321 —.240 013
—.192 —.047 .020
----- CP LOWER - - - - -
AX ~ MIN ~SIGMA
_251 —.181  .010
—438  —379  .008
445 —412 007
575 —533  .007
—-513 —.469  .004
—580 —.539  .005
—608 —.576  .004
~697 —.666  .004
—-787 —.753 004
-.808 —.861  .003
961 —.941  .004
~.937 —.898  .005
-505 —.401 016
—.440 -.350  .013
-291 —.195 016
----- CP LOWER - - - - -
MAX = MIN  SIGMA
—415  —.301  .017
_285 —.218  .008
_382 —.325  .008
534 —.487 004
668 —.637  .005
_671  —629 007
749  —707 004
~833 —.791  .004
910 —.38  .091
_719  —-.343 046
—.529 —.291 .041
_445  —275 027
479  —215 039
-435  —.197 033
~.409 108 .068
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ETA=.707
X/C  MEAN
025 —.457
087  —.636
148 —.682
209  —.515
294 —.597
350  —.621
407 —.671
463 —.699
519 —.655
579 —.741
659  —.6l11
739 —.308
819  —.223
899  —.071
990 124
ETA=.871

X/C " MEAN
025 —.337
084  —.563
143 —.451
202 —.495
301 —.648
354  —.601
407 —.577
460  —.587
513 —.608
566 —.607
680  —.351
742 —.204
830  —.159
910  —.089
990 138
ETA=.972

X/C ~MEAN
025 —.560
002 —.538
126 —.637
227 —.716
204 —.521
362 —.301
430 —.323
497 244
565 —.233
632 —.260
700 —.178
767 —.178
835  —.081
902  —.071
990 093

----- CP UPPER-----
AX 7 MIN  SIGMA
—.491 —.429 .009
~677  —.599  .010
—718  —.647  .010
599  —.454  .026
638 —536 .014
—~659 —580  .013
~748  -590  .025
-743  -503 017
—742 —527 035
~820 —.609 .026
825 —.201  .159
545 —.132  .064
—383 -.101  .042
~.153 011 .02
073 199 015
----- CP UPPER - - - - -
MAX ~ MIN  SIGMA
~380 —.295  .013
—-586 —.539  .007
~542 —.378  .036
—-520 —.470  .006
—682 —.599 .01l
—694 —.452 030
—678 —.321 045
—687 —.268  .049
~728 —.161  .093
_879 —.169  .165
-692 —.126  .078
—450 —.128  .051
~247  —-072 029
—.169 000 .023
076 194 018
----- CP UPPER - - - - -
MAX ~ MIN  SIGMA
—612 —510 014
587 —.495  .014
664 —.58  .011
~759 —305 021
~784 —.001 178
—490 —.086  .066
506 —.145  .063
-382 —.127 035
-390  —.040  .052
_381 -.125  .037
~290 —.046  .038
954  —.077  .027
-136 -.018 .021
~.136  —.009  .020
025 168 .023

(D) Tab point 302, M = 0.85, ¢ = 287.7 psf, a = 1°

Table 12. Continued

ETA=.707
X/C ~MEAN
209  —.379
294  —415
350  —.444
407 —.522
463 —.456
519 —.308
579  —.183
659 027
739 187
819 303
899 400
974 334
ETA=871

X/C "MEAN
025 —.406
084  —.524
143 —.477
202 —.499
301 —.444
354  —.420
407 —.410
460  —.434
513 —.325
566  —.221
680 023
742 128
830 317
910 347
975 253
ETA=.972

X/C~ "MEAN
025  —.612
002 —.339
126 —.450
227 —.509
204 —.365
362 —.277
430  —.286
497 —.242
565  —.140
632 —.034
700 122
767 231
835 293
902 292
973 222

MAX

—.445
—.561
—.571
-.718
—.647
—.440
~.266

—.715
—.442
—-.525
—.606
—.569
—.445
—.410
-.339
—.224
—.103
.062
180
243
252
174

P LOW
MIN SIGMA

—.199 .034
—.216 .050
—.258 .047
=277 .072
—.206 .058
—.166 .042
-.080 .029
.100 .021
.258 017
.351 .014
448 .014
392 .015
CPLOWER - ----
MIN SIGMA
—-.312 .026
—.456 .024
—.407 .019
—.368 .034
—.233 .064
—.183 057
—.242 .056
-.227 .061
—.142 .051
-.069 .036
079 .018
.198 .019
367 .015
394 .013
.290 .013
CPLOWER-----
MIN. SIGMA
—.473 .033
-.201 .042
—-.272 .037
—.423 027
—.206 .052
—.099 .051
—.111 .046
-.130 .034
—.042 .028
.039 .022
.186 .019
.276 .013
355 016
339 .014
.293 .016



ETA=.707
X/C ' MEAN
025 —.379
087  —.566
148 —.632
209 —.564
294 —.552
350  —.604
407 -.T15
463 —.704
519 —.684
579 -.784
650 —.784
739 —.318
819  —.171
899 —.035
990 109
ETA=.871
X/C~ “MEAN
025 —.252
084  —.503
143 —.414
202 —.440
301 —.601
354 —.600
407 —617
460 —.651
513 —.695
566  —.831
680  —.353
742 —.228
830 —.109
910 —.044
990 153
ETA=.972
X/C ~MEAN
025 —.466
092 —.489
126 —.574
227 —671
294 —.718
362 —.737
430 —.343
497 —.187
565  —.180
632 —.225
700 -.151
767 —.159
835 —.063
902 —.059
990 .100

(m) Tab point 306, M = 0.88, ¢ = 301.6 psf, a = 1°

----- CP UPPER-----
MAX = MIN SIGMA
~410  —.351  .008
~617 —.537 011
663 —.601  .009
~600 —.527  .010
~58  —.505  .011
634  —571  .009
748  —.679 011
~761 -662 .016
~742 —622 016
~829 —.736 .013
— 845  —.302  .059
78  —.138  .083
-330 —.067 .036
—.129 028 024
013 167 020
----- CP UPPER - ----
MAX =~ MIN SIGMA
~311 —.206 .015
—548 —.469  .014
—546  —.299  .036
~466  —.394  .007
—624 —572  .009
— 656  —.538  .020
670 —.566  .013
—695 —.588  .016
754  —618  .017
-882  —574 020
823  -.103 125
—499  —.099  .048
~212 -.003 .031
— 137 047 030
085 215 018
----- CP UPPER - ----
AX ~ MIN SIGMA
~521  —.402 020
—531 —.437 015
—.593  —.542  .008
701  —.633  .010
—.748  -672 011
—823 —.168  .087
758  —.103  .145
—-405  -.092  .038
-.346  —.009  .052
~-.358  —.113  .040
—277  -.02  .039
—.242 057  .028
—.130 013 .021
—.118 020 020
019 183 .023

Table 12. Continued

ETA=.707
X/C 'MEAN
209 —.457
204 —.541
350 —.469
407 612
463 —.566
519 319
579 —.190
659 019
73977
819 291
899 392
974 326
ETA=.871
X/C "MEAN
025 —.503
084  —.602
143 —.532
202 —.593
301 —.558
354 —.498
407 —.450
460 —.493
513 —.343
566  —.218
680 032
742 137
830 317
910 .349
975 263
ETA=.972
X/C "MEAN
025 —.680
092 —.418
126 —.520
227 —.645
204 —.582
362 —.232
430 —.259
497 —.228
565  —.127
632 —.022
700 134
767 241
835 301
902 .299
973 232

----- CPLOWER - - --
MAX ~~ MIN  SIGMA
-530 —.260 .039
—642  —.268  .079
~737 —.288  .080
782  —.208 075
—839 —.254 111
~517  —.147  .059
-303 —.076  .035
—.046 101 .021
117 235 017
237 353 015
348 438 015
259 374 017
----- CPLOWER - -- - -
MAX ~~ MIN ~ SIGMA
~575  —.382 027
_ 680  —.537  .023
— 641  —.454 032
_ 666  —.446  .028
—659 —.278  .068
_734  —215  .105
—744  —.166  .084
—784  —.199  .095
~702  —.136 .071
—341  —071  .042
—.043 087  .019
073 207 .019
261 372 015
299 406 014
215 310 .013
----- CPLOWER .- .-
MAX ~~ MIN  SIGMA
~731 —.543 019
~474 226  .028
616 —.375  .038
—771  —549 .07
~ 832  —.254  .120
—631  —.024  .079
~48 —.076  .062
—341 -.106  .039
—214  —.005 .029
~.099 055 .02
076 200 .019
200 287 013
238 362 .016
258 341 014
183 291 016
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ETA=.707
X/C  MEAN
025  —.368
087  —.586
148 —.639
209 —.580
204  —.594
350  —.627
407 —.712
463 —.759
519 —.738
579  —.810
659  —.355
739 —.210
819  —.135
899  —.070
990 004
ETA= 871
X/C ~MEAN
025  —.291
084  —.547
143 —.573
202 —.576
301 —.581
354 —.625
407 —.638
460  —.675
513 —.722
566  —.851
680  —.426
742 —.248
830  —.076
910 014
1990 129
ETA=.9
X/C YEAN
025 —.474
092 —.538
126 —.635
227 —.722
294 —.706
362 —.771
430 —.759
497 —.663
565  —.190
632 —.083
700 —.037
767 —.077
835 003
902 —.007
1990 144

(n) Tab point 307, M = 0.90, ¢ = 316.3 psf, a = 1°

----- CP UPPER - - - - -
X ~ MIN SIGMA
_407  -.335 012
615 —.561  .010
_675 —.594 013
619 —.540 012
—635 —.553 014
_665 —.588 014
—746  —.680  .010
—793  -726 010
—778 —.696  .013
_856 —.372 045
805 —.178  .093
~324 —.104  .030
—259 —.053  .025
—.178 016 .030
—.124 099 .032
----- CP UPPER - - - - -
MAX ~~ MIN  SIGMA
346 —.235 017
_571 —.512 008
_632 —520 021
627 —.518 016
655 —.515  .023
_676  -.541 021
~705 —.572 025
—737 —-619 021
—780  —.662  .023
~.904 —.804 .016
834 187  .142
—420 —.111  .047
~.185 003 .029
— 086 073 022
030 193 024
----- CP UPPER -- - - -
MAX 0 MIN SIGMA
556  —.399  .024
606 —.467  .024
_ 68  —.587  .016
_ 793  —592  .027
_780 —.641  .029
—818 —.730 .013
-826 —.690 .024
~779  —.176  .102
-7 029 126
~.193 000  .028
—.139 060  .030
—172 010 027
—.073 103 .025
—.068 091 .023
061 244 .02

Table 12. Concluded

ETA=.7

X/C Mean
209  —.470
294  —.549
350  —.672
407 —.834
463 —.939
519 —.519
579 —.247
659  —.172
739 —.077
819 029
899 179
974 203
ETA=.871

X/C MEAN
025 —.410
084  —.556
143 —.565
202 —.644
301 —.570
354 —.660
407 -.714
460  —.840
513 —.726
566  —.259
680  —.042
742 054
830 221
910 285
975 236
ETA=.972

X/C "MEAN
025  —.571
092 —.385
126 —.502
227 —.684
204  —.753
362 —.743
430 —.432
497 —.119
565  —.039
632 007
700 118
767 185
835 230
902 241
973 229

----- CPLOWER - - - -
MAX T RIN SIGMA
499  —.444 008
_585  —.510  .009
_697  —.647  .007
864  —.799  .008
~963 —.914  .006
894  -205 151
~361 —.134 032
_274  —.055 .034
208 072 045
~ 144 22 057
003 375 .063
054 357 .048
_____ CPL .-
MAX O RN STGMA
—473 -.318 023
~603  —.506  .016
605 —.513  .014
_742 544 053
~610 522 012
689 —617 011
—.743 —.664 011
_878 —.774 013
—886  —.256  .141
_420 123 049
181 050 036
~.106 157 043
001 349 057
081 392 .049
114 306 .022
----- CPLOWER - - -
AX ~ MIN SIGMA
~ 633  —471 018
—419  -.326 013
_549  —.417  .020
_735 602  .028
_843  —.694  .028
821 —.652 020
803 —.067  .168
—241 028 .031
—.158 041 028
—.100 081  .026
—.046 202 .038
.037 273 .041
013 356 .056
049 331 .044
017 343 .031
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L-83-9881
Figure 1. DAST ARW-2 model mounted in wind tunnel.
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4424 —

Figure 2. Sketch of wing planform. All dimensions in inches unless otherwise specified.
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Figure 3. Wing frequency response characteristics measured in still air.
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Figure 4. Test conditions.
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(a) Data from accelerometer 9 for medium g conditions. a = 0°.

Figure 5. Examples of accelerometer time histories.
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(b) Data from accelerometer 10 for medium ¢ conditions. a = 0°.

Figure 5. Continued.
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(c) Data from accelerometer 9 for high ¢ conditions. a = 0°.

Figure 5. Continued.
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(d) Data from accelerometer 10 for high q conditions. a = 0°.

Figure 5. Concluded.
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—o— Accelerometer 9, low g
--e-- Accelerometer 10, low g

8r —o— Accelerometer 9, medium q
--w- Accelerometer 10, medium g

7r —a— Accelerometer 9, high q
6l -4~ Accelerometer 10, high g
5
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signal standard 4}
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g units 3r
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Figure 6. Accelerometer measurement standard deviation data.
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Figure 7. Maximum PSD peak responses from accelerometer 9.

0- —_ TN M=0.96
Accelerometer
response
output
0- M=0.92

0enr! TNY~— ———~——— M-088

o-— T T — /M=08

0 5 10 15 20 25 30
Frequency, Hz

Figure 8. Real-time peak-hold frequency response analysis results for high ¢ conditions for accelerometer 9 at
a=0°
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Figure 9. Examples of strain gage bridge 4 measurement time histories for medium ¢ condition. o = 0°.
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Figure 10. Strain gage bridge 4 mean, minimum, and maximum values for o = 0°.
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Figure 11. Strain gage bridge 4 standard deviation data.
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Figure 12. Wool tufts installed on wing lower surface.
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(a) Region of separated flow.

M = 0.94 and 0.96 n = 0.671
M =0.90 and 0.92

M =0.90, 0.92, and 0.96

(c) Lower-surface trailing-edge flow separation regions as function of M.

Figure 13. Separated flow regions shown by wool tufts for medium g at « = 0°.
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Figure 14. C} measurement time histories for low g conditions at a = 0°.
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(d) Tab point 52. M = 0.94; ¢ = 81.1 psf.

Figure 14. Continued.
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Figure 14. Concluded.
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(a) Tab point 91. M = 0.80; g = 123.6 psf.

Figure 15. C}, measurement time histories for medium ¢ conditions at a = 0°.
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Figure 15. Continued.
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(f) Tab point 100. M = 0.94; ¢ = 157.0 psf.

Figure 15. Continued.
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Figure 15. Concluded.
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(a) Tab point 195. M = 0.80; ¢ = 260.2 psf.

Figure 16. C}, measurement time histories for high ¢ conditions at oo = 0°.
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(b) Tab point 196. M = 0.85; g = 283.4 psf.

Figure 16. Continued.
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(c) Tab point 197. M = 0.88; ¢ = 297.9 psf.

Figure 16. Continued.
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(d) Tab point 199. M = 0.90; ¢ = 308.6 psf.

Figure 16. Continued.
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(e) Tab point 202. M = 0.92; g = 317.8 psf.

Figure 16. Continued.
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(f) Tab point 204. M = 0.94; g = 328.3 psf.

Figure 16. Continued.
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(g) Tab point 205. M = 0.96; ¢ = 336.7 psf.

Figure 16. Concluded.
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(a) Tab point 43. M = 0.85; ¢ = 69.4 psf.

Figure 17. Chordwise pressure distribution data for low ¢ conditions at a = 0°.
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(c) Tab point 51. M = 0.92; q¢ = 78.5 psf.

Figure 17. Continued.
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(d) Tab point 52. M = 0.94; g = 81.1 psf.

Figure 17. Continued.
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Figure 17. Concluded.
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Figure 18. Chordwise pressure distribution data for medium ¢ conditions at o = 0°.
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Figure 18. Continued.
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Figure 18. Continued.
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Figure 18. Continued.
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Figure 18. Continued.
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Figure 19. Chordwise pressure distribution data for high ¢ conditions at o = 0°.
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Figure 19. Continued.
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Figure 19. Continued.
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Figure 19. Continued.
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Figure 19. Continued.
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(f) Tab point 204. M = 0.94; g = 328.3 psf.

Figure 19. Continued.
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Figure 19. Concluded.
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Figure 20. Schematic of flow with separation bubble.
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Figure 21. Effect of changes in test dynamic pressure. a = 0°.
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Figure 22. Pressure coefficient rms values for a 2-D NACA 0012 airfoil section.
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Figure 24. Pressure coefficient rms values for 2-D supercritical DSMA 523 airfoil. ¢; = 0.55; Reynolds number
based on chord, 2 x 10%. (From ref. 17.)
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Figure 25. Pressure coefficient rms values for section of 3-D ARW-2 flexible supercritical wing. Leading-edge
sweep = 28.8%; Re = 2.6 x 10%; a = 2°; 5 = 0.871.
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